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In recent years, changes to the aerospace engineering curriculum have moved the
laboratory classes ahead in the four-year program. In an effort to alleviate the
introduction of prerequisite and scheduling problems resulting from the curriculum
changes, a study into the approach of making laboratory classes more accessible was
initiated. Two options are in the process of being implemented as a solution to current
and future curriculum obstacles as a result of this study. First, the first semester
laboratory class has been successfully converted to an introduction to laboratory
procedures class with the option of taking the lecture portion via the Web. Secondly,
present preparations are underway to offer the entire introductory laboratory class via the
Web. An in-depth analysis into laboratory tasks selected for the introductory class on
laboratory procedures is presented, along with methods implemented, current results and
suggestions for the future complete conversion into a virtual class.
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CHAPTER I
INTRODUCTION
The Mississippi State University aerospace engineering laboratory classes strive
to give students the chance to use the knowledge and skills developed from their
engineering classes in hands-on applications. Through surveys for course development,
students have almost unanimously expressed in agreement that hands-on experience in
some manner amalgamates the real-world with classroom experience. The desire to
continue to increase the positive nature of this experience drives the present research into
modernizing current experimental and traditional classes.
The biggest problem that the aerospace engineering laboratory classes face at this
point is time. Laboratory classes are offered in a lock-step program of study, along with
most of the other MSU Aerospace Engineering courses. Especially those students who
transfer from other disciplines or colleges and those who take advantage of cooperative
education and internship programs have dealt with this problem by either trying to
attempt classes out of sequence, or delaying graduation. Both these non-traditional
students and some traditional students have expressed concern over the dilemma. In an
effort to remedy the problem, the author and co-workers have surveyed existing labs
offered, to determine what possible options exist. Although other options were visited,
two in particular show great promise. First, the addition of experiment-specific
engineering basics and instructions to the laboratory lectures would alleviate some of the
1
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prerequisite problems. Prerequisites for many of the labs could be introduced
fundamentally and explicitly for that particular lab. Second, further analysis revealed the
possibility of converting the existing experiments to a virtual forum. Research on topics
concerning virtual instruments, equipment and implementation concluded that many
experiments could be prepared with very little change from the original setup. Many of
the labs in the first ASE laboratory class (ASE 4113) require programming, data
reduction and analysis. Laboratory experiments of this type could easily be converted to
virtual experiments with little or no loss of the existing learning experience. Others may
prove more difficult, and one in particular, a benchmark task, is visited. By rearranging
the order in which the experiments are offered per semester, the less hands-on required
experiments may be moved back to the first semester. Although it is desired to offer the
classes for convenience, it is also understood that the experience of hands-on learning
cannot be effectively replaced in every lab or for every student’s learning aptitude.
Therefore, it is suggested that ASE 4113 be offered both semesters in the virtual forum,
but also at least once a year in the traditional classroom setting. This would allow
students to choose between the two options. Those students not comfortable with the
virtual setting would still be able to take the class in a favorable setting.
The ASE 4113 lab is in the process of being converted to a virtual lab through a
standard web interface, WebCT. In the process of this conversion, experiments are being
updated and modernized and experimental documentation and procedure materials are
being restructured for the Web. As an on-going web conversion, ASE 4113 is being
offered as an introductory course in laboratory fundamentals to both traditional and nontraditional students. For this trial, the class is offered in a traditional classroom setting to
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most students, but it is also offered as a web-based lecture to several non-traditional
students. If the response to the laboratory is positive, steps will be taken to offer the
entire 4113 lab virtually and also offer on-line exercises to other aerospace engineering
classes. This thesis and other previous work1 document the progress made in the MSU
aerospace program.

CHAPTER II
BACKGROUND

2.1

Mississippi State Aerospace Engineering Overview

Mississippi State University’s Aerospace Engineering program offers students a
combination of aeronautical and space-oriented engineering curricula. The department
prides itself on preparing students for the work world by developing “problem solving
and application skills”. The curriculum stresses analytical and communications skills,
with particular emphasis placed on engineering design. Students in their senior year
exercise the opportunity to integrate design, analytical, problem solving and
communication skills.2 The Aerospace Engineering laboratory classes strive to adhere to
these principles and incorporate their share of that development. The laboratory class
integrates all of the above mentioned ingredients into the students’ exercises and
experiments and intends to give students the chance to use the knowledge and skills
developed thus far, in hands-on applications.
2.2

Motivation

The ASE laboratory classes are wrought to provide guidance in experimental
methods and analysis, an introduction to data acquisition and control systems and
direction for individual research projects and experimental correlations, all related to
4
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analytical coursework. The combination of ABET accreditation criteria, prerequisites for
the lab and technical innovation have pressed the need for re-evaluation of the
experimental exposure that aerospace engineering students at MSU receive. In addition
several departmental courses have added individual laboratory experiments.
Furthermore, in the recent past, ASE introductory classes have been added to the
curriculum for reasons to be discussed. These introductory classes also included
individual hands-on experimentation.
2.2.1

Modernization

In recent years, technology has developed at a rapid speed. As a result,
engineering and other curricula that employ computer technology have had to keep up
with that rapid growth. The insistence for technological growth and progress defines the
department’s success at keeping its students at the forefront of ideal job hires in the
aerospace industry. When teaching tools for the newer subjects are added to sustain the
race with ever changing technology, other subjects, including some that are vital to the
curriculum must be replaced. Course development is then reduced to a trade-off.
2.2.2

Two-Track Program

In recent months, the department has also prepared for the possibility of offering a
two-track program for those wishing to emphasize the space element of aerospace rather
than the traditional aeronautical emphasis. This would result in even more restructuring
of required course work. The restructuring will in turn affect the order in which students
take classes. The shuffle of prerequisite classes is of great concern to professors,
instructors and course development.
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2.2.3

Curriculum Standards

Another major influence on course development has been the need to meet statewide university curriculum standards. In an effort to avoid being considered a five-year
program, the aerospace engineering department must keep course hours required within
the standard. Although classes must be culled for the accepted number of hours, nonmajor courses cannot be considered for elimination. Therefore again, course
development becomes a trade-off.
2.3

Restructuring the Curriculum

In combination with the new technological course material, state-wide standards
for hours and the possibility of a two-track program , the department has been pressured
to cut back on courses that were, in the past, fundamental building blocks for upper level
courses. Examples of this include: programming classes, electronics, linear algebra,
Differential Equations II and heat transfer. Just five years ago, these classes and others
were required or recommended for a number of basic aerospace engineering classes. For
example, before taking the second class in the flight mechanics sequence, Static Stability
and Control, a student had to have completed a linear algebra class. Thenceforth, it was
assumed that, in the progression of the class, the student was familiar with vector and
matrix operations, systems of linear transformations and characteristic values and vectors.
Without this prerequisite, the flight mechanics class had to be altered to accommodate
those students not familiar with linear algebra. The same concept holds true for the
aerospace engineering labs. The loss of programming, electronics and basic engineering
classes has caused a cascading problem. Once hours are cut, and classes removed from
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the curriculum, courses are moved around. Then students run into the problem of
needing to take classes that have prerequisites not yet completed. The laboratory classes
have already been moved forward one semester and may be in the process of moving
forward yet again.
2.3.1

Addition of an Introduction to Aerospace Engineering Course

In an effort to retain some traditional skills, yet keep up with the modernization of
technology, steps have been taken to provide students with some of the basic tools they
need for the aerospace engineering program by means of an introductory class, amidst
major curriculum changes outlined by Rais-Rohani3. In a nutshell, the change combined
the needs for students to be introduced basic topics that have been removed from the
curriculum and to give them exposure to aerospace fundamentals early, in a three class
introductory sequence. This early introduction to basic concepts that have been removed
from the curriculum relieves some of the pressure on instructors to append teaching
methods that require these basics as a prerequisite and gives students valuable learning
tools. Exposure to aerospace fundamentals at this early stage also alleviates some of that
pressure, but furthermore provides a tool for students to assess their interests in this
career choice. As a result, an increase in student retention has been observed.
2.3.2

Lock-Step Dilemma

A major consequence of restructuring the curriculum and moving the labs forward
is the lock-step dilemma detailed by T. Hannigan.1,4 Many aerospace engineering core
curriculum classes are offered once a year at a specific time. Most upper level classes
offered once every year or two years have prerequisites which are often times themselves
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only offered once a year, producing a lock-step sequence. Because of the lock-step
program of study, students who transfer from other disciplines or colleges and those who
take advantage of cooperative education and internship programs have come across the
problems of either having to attempt classes out of sequence, or having to delay
graduation.

The reasoning for the lock-step curriculum is partially related to the small

size of upper-level classes and faculty resources. The combination of prerequisites and
limited course offerings has presented a stumbling block to many students who have
expressed concern over the dilemma. Two methods in particular are being explored to
remedy the problem in the laboratory classes: the addition of experiment-specific
engineering basics and instructions to the lectures in an introductory laboratory class and
the conversion of the existing experiments to a virtual forum.
2.3.3

Introduction to Laboratory Procedures Class

The addition of experiment-specific engineering basics and instructions to the
lectures in an introductory laboratory class is already being implemented. The aerospace
laboratory courses are offered as a two-part sequence over two semesters. The first
semester laboratory class consists of a three-hour lecture and a three-hour lab period for
each section. Restructuring of the former two aerospace engineering lab courses
positioned particular lab activities chosen by their potential for conversion to a virtual
forum and their fundamental foundation into an introductory course for laboratory
fundamentals. In addition, a particular laboratory task which tests cumulative skills
learned in the introductory lab is being offered as a benchmark task before students
progress to the next laboratory class.5 The introductory course is being offered first in the
two-part sequence, on-line, as a test for virtual compatibility. The class is being offered
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to students in the traditional classroom setting and to two students who view the lectures
via the web. A great deal of care has been taken to record lectures and document
procedures. Lectures have in the past been presented by the instructor or acting teaching
assistant. Combined notes from the instructor of record for more than ten years and the
most recent teaching assistants for two years have been documented and implemented
into presentations using Power Point.6 Fundamental knowledge of basic aerospace and
engineering concepts are considered necessary for upper level course work. These are
referred to as the basics and fundamentals needed for topics or tasks that are introduced
or refreshed in the online lectures. In addition to recording lectures, fundamentals for
each topic are included in the presentations. The intention is to give students a refresher
in basics, or in some cases, to introduce needed knowledge for the topic. By making the
materials available to the students on the web before, during, and after the lab period,
those not familiar with material may access it for review at any time. For students not
able to attend class due to illness, conflicting schedules or internships, the lecture and
material is available to them at their convenience. Presently, the two previously
mentioned students have conflicts during the lecture which cannot be avoided.
Therefore, presentations are posted through a standard web interface, WebCT.7
2.3.4

WebCT

Mississippi State has invested considerable time and resources into making
WebCT available to all classes. WebCT provides a forum for instructors to make course
materials, quizzes and class assignments available to students in the class at the
instructor’s discretion. The students may access WebCT using their user ID and can only
gain access to their information. This allows students to download materials and submit
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assignments from any place with internet access. Times can be set for when assignments
are due. There exists an option for instructors to allow submissions past a due date with a
late tag. Discussion forums can be set up for students to interact with one another or the
instructor. Quizzes are easily manufactured and graded with useful feedback options for
answers submitted.
2.3.5

Conversion to Virtual Forum

The ASE 4113 lab is in the process of being converted to a virtual lab. In the
process of this conversion, experiments are being updated and modernized and
experimental documentation and procedure materials are being restructured for the web.
The nature of the first semester laboratory class is largely introduction to data analysis,
data manipulation, data acquisition and control, with development of virtual
instrumentation through LabVIEW.8 Upon careful review of existing labs, it was
determined that most of these tasks could be accomplished in a virtual forum.
Measurements can be made through virtual equipment that can be accessed through the
web. Through a web interface, all of the steps from data acquisition to remote use of
instrumentation can be accomplished with little difference in previous experimental
setups. In addition, success of the current setup could expand its use to other classes in
the department using experiments for learning.
2.4

Student Feedback

Assessment of progress, accomplishments, setbacks and problems encountered is
being documented and addressed. Mid-semester surveys of present laboratory students
and lower-level aerospace engineering students were conducted by the author. The
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surveys were designed to reveal students’ views of current experiments, current webbased implementations, the addition of more experiments into the core curriculum classes
and future virtual labs. The results of the surveys are being carefully considered in the
on-going construction of the virtual lab and course development.
The majority of students (freshmen) in the introductory class thought that enough
time was spent with hands-on experimentation in the introductory class. A close second
said that not enough time was spent with absolutely no one saying that too much time
was spent on experimentation. When the same class was asked what particular
experiments they would like to see added, there was an overwhelming response of
everything from accelerometers to sports equipment and several requests for more of the
same type they had accomplished. The general consensus from this class was that the
hands-on experiments, introduction to topics, introduction to critical thinking and
problem solving were all more or less equal in helping to understand the material. But,
when asked if going over the subject matter and then applying it to hands-on learning
increased understanding, most students replied with the highest marks. Most students
also acknowledged that the experiments performed in the introductory class help
understanding of course work and real world applications and expressed interest in
having experiments added to future course work. In addition, eighteen of the students in
the junior level laboratory class were asked whether they thought that adding experiments
to other classes in the aerospace engineering course work would be helpful. On a scale
from one to five, with five being the most helpful, only one student voted below four.

12

2.5

Scope

The progress of the conversion will continue to be documented with students’
responses and comments of utmost importance. For the time being, traditional classroom
instruction is being taught in collaboration with web-based lectures and instruction.
Much documentation on this subject exists and is used as a guide as we go. It is intended
that the scope of this research will reach into other courses offered to aerospace
engineering students. Practical, uncomplicated steps with positive feedback demonstrate
that moving more experiments into the curriculum by means of a virtual forum will add
depth of comprehension, perception and accessibility to an ever changing program of
study.
2.6

Foundation for Research

Ample research exists on the subject of web-based education in engineering
curricula. Over the past few years, experimentation with the notion of offering classes
via the Web has grown vigorously. So, although the concept remains in testing in the
MSU aerospace engineering department, there exists plenty of research and
documentation to guide and support the efforts.
Bourne, Harris and Mayadas describe five pillars of online learning in Online
Engineering Education: Learning Anywhere, Anytime.9 See Figure 2.1. The paper details
steps taken by a research organization through the Sloan Consortium supported by the
Alfred P. Sloan Foundation to provide effective engineering education online. Bourne et
al list the “five metrics that drive investigations into online education” as “[l]earning
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effectiveness, student satisfaction, faculty satisfaction, access, and cost effectiveness”.
All of these factors are addressed in the current research.

Figure 2.1: The five pillars of online learning.2

The Bourne et al research cites over 600 online degree and certificate programs
offering online education in engineering. Many of the programs are offered by well
known ABET-accredited universities. Of particular interest in the Bourne et al research,
is addressing the misconception that “online learning is a solitary, non-instructor-led,
self-paced activity.” The paper goes on to describe why this is, indeed, a misconception.
By offering feedback to students taking online classes, it would seem that most students
may even gain more personal attention from online class monitors trying to make sure
that the material is understood well. The Sloan Consortium research seems to indicate
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overwhelmingly effective online learning results in addition to satisfied students and
faculty.
Feisel and Rosa, in The Role of the Laboratory in Undergraduate Engineering
Education, also address the solitary or isolation misconception of web-based practices in
engineering education.10 Feisel and Rosa consider the isolation problem, one that is
easily overcome by having students work in teams through the Web, and by strictly
evaluating and guiding them. This paper also suggests that rather than students losing
some meaningful stimulation from accessing tasks online, by handling the presentation of
the tasks effectively, the students could easily benefit more from the online education.
Effective and organized lectures and presentations have proven time and again to be
beneficial to students both in the traditional classroom and through the Web.
Goldberg and Lansey address the issues of student reactions and faculty
acceptance in Web-based Alternatives for Learning Engineering Science.11 Although
students initially feel uncomfortable when faced with the task of effectively teaching
themselves the lessons, eventually the students learn that it is easy to get more out of a
lesson when it is accomplished at their own pace. According to Goldberg and Lansey,
faculty are reluctant to accept online experimentation as a real experience in the
beginning, but quickly see the advantages to such a solution as test results and
evaluations come in. Goldberg and Lansey’s research compares results of quizzes,
evaluations and other assessments from online learning students and traditional classroom
students. In addition, this paper addresses issues of cheating and procrastination.
In general, all research mentioned above advocates through the use of tests,
reports and evaluations to determine the effectiveness of learning, that when comparing
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traditional classrooms and online tasks, conclusions differ little. Effectiveness of
learning, possible procrastination, student isolation and cheating are all addressed in
reference to the current research later.
The National Instruments (NI) webpage12 boasts several impressive success
stories of web-based remote laboratories using tools developed by NI for measurement
and automation. These successes include a Stanford University remote optics laboratory,
a Swiss Federal Institute of Technology mechanical engineering professor using his
“laptop computer as a client to control a remote mechanical system” for a classroom and
a Dalhousie University virtual laser laboratory that is accessible 24 hours a day, seven
days a week with 10 laser experiments.

CHAPTER III
EXAMINATION OF EXPERIMENTS
A list of specific experiments was examined for use in an introduction to
laboratory procedures class. Laboratory tasks from both semesters of the aerospace
engineering laboratory classes were considered. Tasks were chosen for the introduction
to laboratory procedures based on a learning timeline, ability to convert to virtual use and
application to a benchmark task. Although every lab chosen for the introductory class
does not directly apply to the benchmark task, all have some fundamental significance.
Only the laboratory tasks chosen are discussed. Most tasks are discussed in detail unless
the application or procedure is adequately illustrated in the discussion of another task.
The detailed discussion on each task is intended to provide insight into the depth of
undertaking in conversion to a virtual lab and to offer discernment of the student’s
exposure to introductory principles for future tasks. It is hoped that other aerospace
engineering course instructors may benefit from the documentation and gain knowledge
of how to best present necessary material to a class via the web.
3.1

Data Analysis

An Introduction to Data Analysis13, 14 is the first laboratory task assigned to students
in the Introduction to Laboratory Procedures class. The introduction to data analysis is
uncomplicated and easily converted to a virtual forum. No calibrations, experimental
16
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setup or data acquisition are necessary. The data needed for this lab were previously
attained and students are asked only to analyze the data given to them. Since this is the
first and a simple lab, it is easily illustrated and used for detailed explanation of the
conversion to the virtual forum.
Students are given a sequential data file that was obtained by calibrating a 0.125
pounds per square inch differential (psid) range pressure transducer. A calibration
equation must be found allowing use of the pressure transducer in applications where a
reference pressure and a measured voltage are known. The data file contains pressures
and voltages. Therefore, the equation must employed by the student to convert any given
voltage as a pressure.
First, the student must understand the procedure for analyzing the data. For the
information to be useful, it must be in units consistent with the analysis. For analysis, the
data will need to be in a format that is easily used in a plotting environment. In this case
Microsoft Excel is the easiest medium. Code must be written for the unit conversion and
formatting steps.
In preparing labs for virtual use, care was taken to show detail even on steps that
seem elementary. Therefore, each objective and task was described in detail. A slide
show with audio was prepared that outlines the assignment. In addition, a very detailed
set of notes accompany each slide, prepared for student use. Students are encouraged to
use analytical skills learned in earlier classes while proceeding through the slides. Tasks
are outlined and presented before being explained in detail. As a task is outlined,
questions are put to the student to prepare for the analysis. For example, students are told
that they must perform a linear regression on the plotted data to determine the linearity of
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the data. Students are then asked to consider what will be found. Do pressure and
voltage have a linear relationship? What about velocity and pressure? Next, the students
are shown the steps to derive an equation for comparison.
Details are given on the plot, such as how to create a trendline, what that trendline
shows and how to rearrange the curve fit equation for analysis. Although no calibration
is done in this lab, explanation is given for its need, reasons for error, steps taken to
eliminate such error and definitions of particular terms used in calibrations, such as zero
voltage, and reference voltage.
Since the introduction to data analysis is the first lab, for the benefit of the
students accomplishing this and all tasks to come, the analysis is illustrated in a five-step
approach to solving problems, as follows: state the problem clearly; describe input and
output; work the problem by hand; develop an algorithm; code and test. Each step is
applied to the task at hand. To illustrate the explanation given for each step, slides are
shown with elucidation.
Step one is to state the problem clearly. Figure 3.1 illustrates a slide used in the
lecture presentation for step one. By stating the important issues that must be dealt with,
the student is essentially organizing thoughts. The student must convert the sequential
data into a formatted file, in correct units. The data are converted into a format which
can be read by Microsoft Excel. Students then analyze the formatted data with
commercially available products, such as Microsoft Excel. A calibration curve is found
from the corrected and formatted data for analysis. By clearly stating the problem, the
student now has direction in the problem solving process.
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Figure 3.1: Data analysis presentation; Approaching the problem, step one.14

The input and output descriptions are listed in the assignment sheet. However,
perusing and describing the data enhances the student’s understanding. For web use, the
slide is arranged with colors for correlation between the data descriptions and the actual
data.
The data are given to the students in a data file, labeled datanal.dat, for download.
The data file is also attached to the assignment sheet as a hard copy, for visual analysis.
The data file begins with three lines of text shown in green on the web slide but
illustrated here in a three-line box in Figure 3.2. The text describes the data. It is
important for students to remember these three lines of text are in the file when reading
into the program. The program must read through the text lines before reaching the data.
The next 28 lines are the voltage readings from the transducer, shown in dotted box in
Figure 3.2. The next 28 lines are the manometer readings, shown in dark lined box in
Figure 3.2. The manometer readings are in inches of water and are read at an inclination
angle whose sine is 0.2. The student is told to notice that the pressure is from a
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manometer reading and is being compared to a reading from a transducer that is returning
voltages. Therefore, for every voltage reading, there is a corresponding pressure reading.
The goal of the program to be written by the student is to output a file named
dataout.csv that formats the data into two columns; voltage and pressure in pounds per
square foot (psf) as comma separated values. Instead of putting all data into one column
of cells, the data is saved with commas between columns, which open the data in
columns of cells. The student is told here to try listing the data both ways to see what
difference an extension makes.

Figure 3.2: Data analysis presentation; Approaching the problem, step two.14

It is important to point out to the students that this could all easily be done in
Excel. However, in the real world, data files may be thousands or millions of lines long
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and calculations tedious. In these cases, a simple program written in BASIC15 or
FORTRAN16 allows a student to take whatever data file is given and output a file without
regard to how many points may exist.
The student has now read through the problem and data file and should
understand what calculations must be made. The next step is to work the problem by
hand. Hand calculations create a basis for anticipating output results. Simply writing
code and expecting it to be correct creates an undesirable trait in young programmers.
Technology has moved forward so much as to make students rely on calculations made
by calculators and programming tools while distancing the programmer from
understanding the problem at hand. The students are told to form a table with the data
given, the corrected data and the expected program output. The table provides a basis for
realistic and reasonable answers. Anticipating output suggests to students that unrealistic
answers may have incorrect equations or units, while reasonable answers with some error
could be associated with significant digits or unexpected error. The hand calculations
and table are learning tools that create the need for a physical understanding of what is
being accomplished in the end.
The first two columns in the table found in Figure 3.3, are simply data in its
original format from the data file. Although manometers measuring pressure in inches of
water are very common, calculating velocity requires a conversion to psf for Standard
English Engineering Units. The corrected column in Figure 3.3 is a correction for the
incline of the manometer. Remembering that there is an angle associated with the incline
the student uses the sine of that angle, 0.2 to correct the reading. Trigonometrically, the
correct reading is found from the inclined readings by multiplying by the sine of the
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incline angle or 0.2. The last column in table in Figure 3.3 is the converted output in psf.
The basic hydrostatic relation is briefly reiterated for a physical understanding of the
conversion. Now, the students have all of the information needed to write the program
and analyze the data. The first and last columns in the table from Figure 3.3 are the
anticipated output from the program. The transducer readings are in units of voltage and
formatted pressure is in psf.

Figure 3.3: Data analysis presentation; Approaching the problem, step three.14

The next step is to develop the algorithm. This is sometimes the hardest step to
get students to follow, even though every class is told that in the long run, developing the
algorithm will save time. Again and again, students will try to skip this step and begin
typing a program in an unorganized, poorly thought-out process. An algorithm is
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essential to writing code. Although writing the algorithm may seem bothersome at first
to the student, it makes the program easier to write and always ends with more efficient
and organized code. The syntax taught for writing algorithms was adopted by the BASIC
programming language. BASIC, like many programming languages, comes from an
acronym (Beginner's All-purpose Symbolic Instruction Code).15 A web site is referenced
and linked for students wishing to research more on BASIC. Also, a compiler, a help
document and syntax are made available on WebCT for the students. By teaching a
specific algorithm structure, it is hoped that the BASIC syntax becomes familiar and as a
result, learning to program becomes easier. In addition to the help documents posted for
the students, the presentation notes provide some examples of syntax needed specifically
for the data analysis program. The algorithm shown on the slide in Figure 3.4 is
explained line by line in the notes. Therefore, the student begins programming with a
well prepared algorithm. In this first lab, example code is posted for the students to use.
By giving the students example code, it is implied that spending the time to learn to code
will be beneficial in tasks further on in the class. By using the example codes as
guidelines, students may develop their own code. Offering examples opens the door for
copying, but also answers many questions before the student has to ask. To address the
copying problem, students are asked to explain their own code to the entire class. The
students are allowed to write code in one of several programming languages. In the past,
students stood in front of the class and explained code from a projected image. For web
use, however, students will prepare a presentation which the others may download or
view online. All students are quizzed on all programming languages used and presented.
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Therefore, it is in the best interest of the students to ask questions and understand all
programs.

Figure 3.4: Data analysis presentation; Approaching the problem, step four.14

The final step in approaching the problem is to write the code and test. Figure 3.5
illustrates the slide used for the final step. As stated before, students are given example
code and use it as a guide. The students have also generated answers by hand and will be
able to analyze the output for accuracy.
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Figure 3.5: Data analysis presentation; Approaching the problem, step five.14

Once the data is in the specified two column format, the analysis is begun by
plotting pressure versus voltage. A trendline is created, with attention paid to the
linearity of the regression. A slope value approximation is given based on previous
calibrations to provide students with a basis for analysis. When students have a
regression equation and a slope value, they must analyze the data. Using the regression
curve and Bernoulli’s equation, students are prompted to determine if the pressure and
voltage are linear, if the velocity and voltage are linear, and why it matters. This analysis
forces the students to apply their knowledge, analytical skills and data output to
determine if the results are reasonable and what the outcome means. Armed with the
analysis, students are informed of the manufacturer statement that a 50% overload would
damage the transducer. Provided with the overload value, students must determine what
velocity value would represent the limit of the useful range of the transducer. The
students are told that, to determine this velocity, the maximum pressure that the
transducer can handle needs to be determined. Since the transducer is a 0.125 psid range
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pressure transducer, a 50% overload would mean that it is subjected to a pressure of
0.1875 psid. Using Bernoulli’s equation and the overload pressure students determine
the maximum velocity before overload occurs. Again, these types of exercises create a
need for a deeper understanding of the concepts and at the same time, apply a real world
application.
Students then prepare a report to be submitted to WebCT by a deadline. For
the data analysis exercise, a generic example report was prepared. The example report
informed the student of styles, formatting, analysis and conclusions that are expected in
lab reports.
The introduction to data analysis was successfully presented through a webbased lecture and presentation. It was offered to students both in the traditional
classroom setting and through WebCT for students not attending the classroom lecture.
A self-study quiz was prepared to refresh the students on what should be taken away
from the lab. The self-study quiz encourages students to go back through the lecture,
personal notes and whatever helpful documentation was included with the laboratory
task. The self-study quiz is carefully prepared so that each answer, whether correct or not
has ample feedback. Students find it helpful to go through each wrong answer, even
when the correct answer is known, to read all of the feedback. Once the students feel all
necessary information was retained from the self-study quiz and the lecture, a graded,
timed quiz is taken. Students are encouraged to use the discussion forums, bulletin
boards, calendars, email and the telephone for questions or problems arising during the
performance laboratory tasks. The Introduction to Data Analysis task was easily adapted
to the web-based environment. Although it was offered to both traditional and web-based

27
classroom settings, reviews of tests and reports from students have shown no significant
difference in learning or understanding of the material.
3.2

Data Manipulation

The second task accomplished in the Introduction to Laboratory Procedures class
is the Introduction to Data Manipulation.17, 18 Again, this task, like the Introduction to
Data Analysis, is uncomplicated, requires no calibrations, experimental setup or data
acquisition and is easily converted to a virtual forum. The data needed for this lab have
been previously obtained and students are asked only to manipulate the data given to
them.
The objective of the Introduction to Data Manipulation task is to transform
numerical measurements from data acquisition equipment to a practical form for analysis
and presentation. In other words, students take given data from previous third party
experimentation, analyze it and present it in a way that may be easily viewed and
analyzed by others. The data manipulation task is intended to continue the student’s
familiarization with developing code, and provide an important experience for future
tasks involving the reduction of data arrays and creating output files for presentation
software.
Students are given two data files containing data related to a wind tunnel test,
cpraw.dat18 and coords.dat18. These files present the raw pressure data taken from a
wing model in a subsonic flow, and the coordinates of the points on the wing model from
which the pressure data was obtained. An analysis program must access these two files,
read the data into arrays and manipulate the data such that two new data files are created.
Each student must create a plot of the pressure coefficient (Cp) versus the position in the
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x direction, non-dimensionalized by dividing by the chord (x/c). Calculations are to be
made to determine the area enclosed by the Cp versus the x/c distribution, which
represents the normal force coefficient, Cn. Also, the contribution toward the pitching
moment about the leading edge, Cmle, due to the x/c pressure distribution must be
determined.
The detail explained in the data analysis task will not be reiterated here. It is only
necessary to highlight the changes made to the task for web-based use. Like the data
analysis task, all programs, data files, and necessary aide are accessible and or
downloadable on WebCT. Again, a lecture is prepared with audio and notes to explain
each step of the task. Basics of pressure forces and moments on an airfoil are outlined as
a refresher for the class. Each data file is explained in detail. The analysis for the output
is illustrated analytically, mathematically and graphically for comprehensive
understanding of the concepts. For the programming that must be accomplished in the
data manipulation task, five pages of the lecture presentation are set aside to step the
student through an algorithm, syntax and proper organization. At this point, the student
is just becoming familiar with programming skills. Special attention is paid to this skill,
so that the student learns how to organize and develop on his own.
The Introduction to Data Manipulation was successfully presented through a
web-based lecture and presentation. The lecture was offered to students both in the
traditional classroom setting and through WebCT for students not attending the
classroom lecture. Again a self-study quiz was prepared to refresh the students on what
should be taken away from the lab and a graded, timed quiz was prepared to test the
students on their knowledge of the task. The Introduction to Data Manipulation task
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was easily adapted to the web-based environment. Although it was offered to both
traditional and web-based classroom settings, reviews of tests and reports from students
have shown no significant difference in learning or understanding of the material.

3.3

Data Acquisition and LabVIEW

When learning the basics for laboratory procedures, an essential skill is acquiring
data. Data acquisition is not limited to the physical task of acquiring the data. Students
must learn digital data acquisition functions, testing and experimental needs, accuracy
and precision limitations and interpretation of data. National Instruments LabVIEW is a
graphical development environment for creating tests, measurements and control
applications. LabVIEW is used for data acquisition, analysis and control systems.
Before teaching students to program in LabVIEW, it is necessary to understand the
fundamentals of acquiring and interpreting data. Therefore, the task is split into two very
different but related tasks.
3.3.1

Data Acquisition

An Introduction to Data Acquisition19, 20 presents the basics, in a web-based
lecture with audio and notes, concerning the use of standard benchtop and computerbased data acquisition equipment used for experiments in the lab. The student is given an
overview of data acquisition to provide fundamental concepts and develop a common
language of terms used in discussing digital or computer-based data acquisition and
control systems. Specific digital data acquisition functions are discussed in detail, and
illustrations of basic concepts are performed. What tests and experiments are necessary
are dictated by the equipment used in the experiments, with the speed and resolution of
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the equipment matched to those needs. Students are made to understand that the
accuracy of transducers used in measuring phenomena must not be compromised or
limited by the precision of the digital system used to take discrete measurements.
Continuous or analog signals are easily interpreted incorrectly if, for example, the
sampling frequency or the number of samples taken is not sufficient to determine the true
frequency response of a device. The phenomenon of “aliasing” is also demonstrated in
this laboratory task.
The concepts covered in the data acquisition lab are crucial to understanding basic
signals, systems and data analysis. Analog or continuous signals are digitized through
analog to digital converters (ADCs) that discretize voltage values through the use of
logical switches. Fundamental concepts of ADCs, the interpretation of the discrete data
and the limitations on the speed and accuracy of equipment are introduced.
Fourier analysis is a basic concept that students are introduced to in Calculus
classes. By refreshing the student’s knowledge of Fourier analysis and applying it to the
task at hand, the students learn that Fourier analysis is the appropriate procedure for
determining the frequency in a given signal. Students learn that by observing signals in
the time and frequency domains, the suitability of particular sampling frequencies and
duration can be verified. Signals are observed through the use of a LabVIEW program
and a Windows-based digital storage oscilloscope.
Data acquisition cards, signal conditioning amplifiers, filters, multiplexers, ADCs
and digital pressure scanner modules are examples of hardware introduced to students in
the lecture. A basic understanding of hardware applications is needed for the process of
acquiring data using specific equipment.
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In addition to the above mentioned data acquisition hardware, students must know
what to look for when selecting a computer for acquiring data and analyzing signals.
Computer selection is discussed regarding speed, complexity, interface architecture and
data storage capability facets. In addition, it is important for students to know that there
are choices for digital data acquisition equipment. Several major contributors to the
market are introduced and references given for further research.
When sampling a given signal, it is necessary to understand the limitations
imposed with regard to speed, accuracy and resolution. The student must realize that to
get a complete picture of the signal, one must sample fast enough and long enough. Yet,
data acquisition is limited in part to the fact that faster and more accurate equals more
expensive. When balancing between speed, accuracy and resolution, the student must
understand and be able to interpret the effects. Illustrated in Figure 3.6 are a number of
samples that are taken from a sinusoidal signal. In the illustration, the signal is
represented only by the discrete points which approximate the magnitude of the original
signal. However, close scrutiny reveals two overlapping sinusoidal signals of a different
frequency. Hence, students are introduced to the phenomena of aliasing by explanation
and illustration before beginning the task of generating and observing these signals for
themselves. Similarly, if noise is superimposed over a signal, distortion is the result.
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Figure 3.6: Sinusoidal signal with aliasing.20

The objective of the exercise is to introduce the use of digital electronic devices
for acquiring data from experiments. Included in the lecture presentation are
fundamental illustrations of data acquisition, an introduction to the use of LabVIEW for
programming digital data acquisition and an introduction to the use of a digital storage
oscilloscope. The illustrations equip the student with background regarding the
capabilities of bench equipment used for signal analysis.
The LabVIEW program used for the introduction to data acquisition task is
provided to the students. A LabVIEW program is a virtual instrument (VI) and is
accessed from the front panel. The user controls the number of samples and sampling
frequency. Once run, the program will continue to take samples at a specified rate and
output a calculated frequency until the user pushes the Stop button. The block diagram is
the meat of the program. It is LabVIEW’s version of visual code. Samples are taken
with the subroutine (subVI), provided by LabVIEW, named “Analog Input Acquire
Waveform”. A subVI is comparable to a function program in FORTRAN. The Analog
Input Acquire Waveform subVI acquires a specified number of samples at a specified
sample rate from a single input channel and returns the acquired data. To keep the signal
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centered, a mean is calculated and then subtracted from the samples. The output is a
graph displayed on the front panel as a centered signal. The mean is also connected to a
Buneman Frequency Estimator, which estimates the frequency of a given sine wave of
unknown wavelength. The estimate is determined using Fourier Transform Theory. The
estimate is multiplied by the sampling rate divided by the number of samples to get the
signal frequency. In other words, the Frequency Estimator takes sampled signals at
consecutive times and outputs an estimation of the frequency of the sine wave
represented by each sampled signal. The actual frequency is determined by multiplying
the estimation by the sampling frequency divided by the number of samples. The
program’s front panel and block diagram can be seen in Figure 3.7. The block diagram is
shown in front of the front panel and illustrates a program which acquires data inside a
While loop. The loop continues to run and acquire data until the Boolean Stop button is
true.
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Figure 3.7: LabVIEW data acquisition program.20

Students are assigned the task of generating and observing a 100 Hz signal with
WinDSO21 and the LabVIEW program previously discussed. WinDSO is a windowsbased digital oscilloscope. When comparing the different time intervals on the digital
oscilloscope, students notice that as the time interval displayed is increased, the sine
wave becomes more compact, or more periods are shown on the screen at a time. In
other words, the greater the time per division, the more waves appear on the graph. This
is easily explained through the combination of illustrations and student trials with the
equipment. For example, in Figure 3.8, an illustration is provided that can easily be
expressed in simple terms in order for the student to feel comfortable enough to explore
the WinDSO equipment.
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Using Figure 3.8 as a reference, the student sees that at 0.1 micro seconds, the
signal appears flat and a whole period cannot be seen on the screen. At a10 micro
second setting, approximately ten periods of the sine wave are visible on the plot. On the
0.1 ms plot, there are many periods visible, but they all appear as spikes and not like the
rounded peaks of sine waves. The oscillations are also congested and signs of aliasing
become apparent.

Figure 3.8: 100 Hz signal at 0.1 µs, 10 µs and 0.1 ms, respectively.20

In Figure 3.9, the 1.0 ms plot looks similar to the 0.1ms plot. While the peaks still
appear as spikes, fewer of them are visible on the plot. The 10 ms plot almost resembles
a normal sine wave. However, the plot is not as smooth as a sine wave. The final plot,
the 100 ms plot, again shows the peaks as spikes. Once you reach the 100ms time
interval, the picture is congested again and you can see signs of aliasing.
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Figure 3.9: 100 Hz signal at 1 ms, 10 ms and 100 ms, respectively.20

For further analysis, the students must sample the frequencies through operation
of the LabVIEW program discussed above. Because the LabVIEW program allows the
student to directly control the number of samples and sampling rate, they immediately
realize the effects of altering either. Students must explain the rationale behind setting
the sampling rate to at least twice that of the measured signal. By experimenting with
signals and sampling rates, it is soon determined that if the sample rate is less than two
times the actual signal frequency, the signal frequency that the program outputs is
incorrect. For instance, when generating a 100 Hz signal, if 80 samples at 8 samples per
second are taken, a signal frequency of about 2 Hz will be output. But, at the same
generated frequency, taking 640 samples at 64 samples per second, a signal frequency of
about 25 Hz is output. Even though the number of samples taken is equal to ten times the
sample rate, the sampling frequency measured is considerably lower than what it should
be. The students learn to discern that if the sampling rate is set less than the actual
frequency, it is impossible to capture a telling group of samples. A sampling rate of two
times that of the measured frequency must be used to get accurate results and prevent
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aliasing. In both cases, as illustrated in Figure 3.10, the output from the LabVIEW
program is incorrect when using too low a sampling rate. With 64 samples per second,
the aliasing phenomenon is apparent.

Figure 3.10: LabVIEW program sampling a 100 Hz signal at 8 samples per second and
64 samples per second, respectively.20

Even when sampling at a rate of two times that of the measured frequency (to get
accurate results) measuring 2560 samples at a rate of 256 Hz, with a more accurate output
of an approximately 100 Hz signal frequency, the plot is indecipherable. Students
become faced with determining the number of samples needed to show a comprehensible
plot. To show ten periods, a sampling rate of 512 Hz could be used to take about 50
samples and obtain an accurate reading. Figure 3.11 illustrates the effect of changing the
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number of samples from 2560 samples to 51 samples, while keeping a sampling
frequency of 256 Hz.

Figure 3.11: LabVIEW program sampling a 100 Hz signal at 256 samples per second
with 2560 samples and 512 samples per second with 51 samples,
respectively.20

Although the sine wave is visible with a 512 Hz sampling rate, the oscillations have
pointy peaks instead of the usual rounded peaks in a sine wave. Figure 3.12 illustrates
that as the students continue to increase the number of samples and sample rate, the
oscillations become more rounded.

39

Figure 3.12: LabVIEW program sampling a 100 Hz signal at 1024 samples per
second with 102 samples and 2048 samples per second with 204
samples, respectively.20

After completing the exercises in this task, students realize that the signal
frequency output does not closely approach the true signal until the sampling rate is
raised to at least twice the true signal. By continuing to increase the sample frequency,
accuracy of the output signal may be increasing, but observation of the results as
sampling rate and number of samples are varied is invaluable experience.
The data acquisition laboratory task could easily be converted to a virtual forum
and was successfully presented through a web-based lecture and presentation. The task
was offered to students both in the traditional classroom setting and through WebCT for
students not attending the classroom lecture. Again, a self-study quiz was provided to
refresh the students on concepts applied in the task and a graded, timed quiz was prepared
to test the students’ knowledge of the task. Although it was offered to both traditional
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and web-based classroom settings, reviews of tests and interaction from students have
shown no significant difference in learning or understanding of the material.
3.3.2

Introduction to LabVIEW

When teaching a new programming environment, specifically a visual based
language, a three-hour lecture limits available presentation time. Basic programming
theory must be applied to new tools. What has in the past been written as a For loop or
While loop must now be drawn with a mouse. To say that it is difficult to comprehend
this in one lab period is an understatement. For the past few years, more time was spent
with working one-on-one with the students. Students were allowed extra time to learn the
LabVIEW environment. It became apparent that one solution to this was to give the
students an introductory course that they could complete, at least partially, on their own
time. The question remained: Could the extra time with good documentation make up for
the lack of in-class time?
National Instruments (NI) publishes a six-hour course as an introduction to
LabVIEW. The course is free and downloadable from the NI website development
zone.12 After contacting a LabVIEW representative, permission was given to alter the NI
six-hour course for this laboratory task and post it to WebCT for use as a class. The sixhour course offers a number of objectives for students. The course introduces the student
to the basics of LabVIEW, such as front panels, block diagrams, icons and connector
panes. It illustrates how to create LabVIEW applications, use built-in functions and use
LabVIEW programs as subroutines. Although the course is a thorough introduction to
LabVIEW, it is just that, an introduction. NI assumes that students have a background in
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programming theory and are able to learn processes through exploration of the
environment on their own.
The introduction to LabVIEW course is set up so that procedures and definitions
are introduced and then tested through exercises. Audio was created for the entire sixhour course for those who did not attend the lecture. For the students attending the
lecture, the first three hours of the six-hour course were covered through the same
presentation. Exercises were worked at first as a class and then as individuals. Problems
with concepts or procedures were noted and added to the lectures for those not attending
class. The six-hour course went remarkably well. Very few students reported any
difficulty completing exercises that well exceeded the level of skill classes in the past
have covered.
Because all of these tasks are leading up to the benchmark task, in the past, the
introduction to LabVIEW was used to prepare students for the program to be written in
the benchmark task. In this case, students had such a superior understanding of concepts
and procedures that writing programs for other labs became an alternative. Being
efficient in LabVIEW lessened the need to spoon-feed steps in writing programs for other
tasks and increased the possibility of offering programming in future tasks as incidental
to the assignment.
Most students encountering problems with programming had no trouble seeking
answers to questions through email or phone calls. However, there is an underlying need
to sit with an instructor or assistant and debug the program. This problem can be handled
in several ways. First, for people of the type of learning aptitude needing one-on-one
help, the class will be offered as both a web-based class and a traditional class. Therefore
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no student will be left without the option of taking the class in a traditional setting.
Second, there are some software tools available that allow a remote user to interface with
another computer. For example, if a student is having trouble with a program and is
taking the class from Colorado, a teaching assistant could access the student’s laptop and
debug with the student’s interaction. This option is beyond the scope of this research and
does not seem necessary at the time. The third option is to email or post the problematic
program and discuss the problems over discussion boards. With public posting of
messages, other students who have or may run into the problem also have access to
solutions or suggestions. Discussion boards are available through WebCT and can be
accessed from anywhere with Internet access. WebCT also provides a forum for student
uploads and presentations. The forum may be used for selective release or available to
all.
For the present, the LabVIEW introductory task was successfully presented
through a web-based lecture and presentation. It was offered to students both in the
traditional classroom setting and through WebCT for students not attending the
classroom lecture. With this task, no quizzes or reports were assigned. The students
were required to submit all of the exercises provided by the six-hour course in a library to
WebCT. It was understood to all students that the laboratory tasks in the future will use
these and like programs that the student will be required to provide. Having completed
the exercises not only provides practice and experience but also provides documentation
for reference when confronted with programming new solutions. The altered six-hour
course was offered to both traditional and web-based classroom settings. Reviews of the
completed exercises, student interaction and subsequent programming skills with
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LabVIEW have shown no significant difference in learning or understanding of the
material between the traditional and web-based learners.
3.4

Transducer Calibration and Use

The Introduction to Transducer Calibration and Use22,

23

laboratory task

familiarizes students with devices commonly used in aerospace engineering laboratory
applications. Students learn to perform calibrations of pressure sensing systems, force
balance systems, potentiometric transducers, transducers used for measurement of
airspeed and altitude and an absolute pressure transducer with internal signal
conditioning. The fundamental concept of transducer calibration and use is simply the
correlation of input to a measurement system with the output of that system. Students use
calibration procedures to convert measurable quantities into physical quantities of time,
force, pressure and temperature.
From the calibrations, the calibration coefficient (sometimes referred to as the
correlation coefficient) which is the slope of the transducer for a linear transducer, is
found and documented by the students. The calibration laboratory task includes teaching
the students to determine the linearity of transducer output, random and systematic errors,
and the statistical uncertainty for a particular transducer, insofar as can be determined
during the calibration. The insistence on making these determinations trains students not
only in calibration procedures, but also in the importance of statistical variations in
calibration components.
One example of expressing linearity that students must apply is obtaining the
difference between the greatest positive magnitude and the greatest negative magnitude
of the measured quantity, referred to as the bandwidth. The bandwidth is then divided by
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the range of the calibration for a non-dimensional accuracy representation of the
transducer. Students must be able to determine by what type of relationship a transducer
should be represented, for proper calibration analysis. Most physical phenomena can be
related in linear fashion to a measurable transducer output. However, some devices, such
as thermocouples, show a more complex higher-order polynomial relationship.
Therefore, students must be taught to distinguish between linear, higher-order
polynomials, power or root and logarithmic relationships. The outcome of such
preparation results in students recognizing when the calibration representation is based on
physical principles, rather than merely matching a fitting equation. The students must
then determine a standard estimate of error. Programming tools and worksheets allow
students to make use of standard definitions or tools to find standard deviations, means
and averages without difficulty, when determining error.
Another example of determining statistical variation introduced to students
involves the accuracy of an analog-to-digital converter. A system is restricted by the
analog-to-digital conversion limitations. Therefore, students must be able to recognize
limits imposed by the resolution of a converter and determine the appropriate resolution
needed for adequate system response. For instance, students must be familiar with the
effect of using a 12-bit converter instead of a 16-bit converter and when it is suitable.
Students must determine the range of voltage to be represented and divide that range by
the resolution of the converter to get a discrete interval. Students learn that a 12-bit
converter is accurate to about the nearest two-and-a-half-millivolt interval, which is
suitable for a measurement of a signal in volts, but not for measurements of millivolt
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signals. Students are then equipped to design and exploit a system which will yield an
accurate representation of the physical phenomena.
The introduction to calibration laboratory task assigns students to seven stations
to work individually on calibration procedures. The seven stations each have a partial
setup and the student is expected to be familiar with and complete the setup.
Experimental setups typically comprise stations for the calibration of the vertical axis of
the force balance system in the primary subsonic wind tunnel, the calibration of the angle
of attack mechanism in the portable tunnel, the calibration of measured voltages with a
computer data acquisition card and voltage calibrator, the calibration of a high-range
pressure transducer range (500 pounds per square inch) using a dead weight tester, the
calibration of a solid state transducer as an altimeter transducer, the calibration of an
airspeed indicator and associated pressure transducer and the calibration of a temperature
sensor.
3.4.1

Force Balance System

Students are introduced to the basic mechanics and uses of the force balance
system used in the primary subsonic wind tunnel, particularly the system’s vertical axis.
Both lift and pitching moment are measured on the primary load cell. Students must
calibrate weights to use as standards. The calibrated weights are hung from a horizontal
bar on the balance sting and measurements of the voltage output from the load cells are
taken, as shown in Figure 3.13. Students must record measured voltages with a standard
hand-held Fluke 3½-digit voltmeter, an HP 3455A 6½-digit digital multimeter used in the
primary control system and a NI DAQ 6024E data acquisition card. Students use a
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standard data acquisition program to document the recordings and time-averaged DAQ
card readings.

Figure 3.13: Sting used for measuring Lift and Pitching Moment
in the wind tunnel test section.

3.4.2

Potentiometer

A small portable wind tunnel is used for the calibration of an angle of attack
mechanism. Students use trigonometry and a protractor as the calibration standards. A
potentiometer is geared to an airfoil model in the test section of the portable tunnel.
Figure 3.14 illustrates the potentiometer calibration setup. The angles, time-averaged
measurements and trigonometry calculations are recorded using a data acquisition
program written in LabVIEW and a computer DAQ card. Proportionality of the
potentiometer output to the angle of rotation attained by the potentiometer is observed.
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Figure 3.14: Angle of attack device calibration setup.

3.4.3

Voltage Calibration

A voltage calibrator, shown in Figure 3.15, is used as the standard for a voltage
calibration. The voltage calibration demonstrates the useful resolution and accuracy of
the DAQ card used for measuring voltages in all the assigned calibrations. The calibrated
reading and voltmeter reading are recorded with the time-averaged measurements, taken
by the DAQ card, in a data acquisition program written in LabVIEW.

Figure 3.15: Voltage calibration: voltage
calibrator and Fluke voltmeter.
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3.4.4

High-Range Pressure Transducer

Calibrated weights and a dead weight tester, Figure 3.16, are used as the standards
in the calibration of a high-range pressure transducer. The transducer used for the
calibration is a 500 psi pressure transducer. Again, the weights and voltmeter readings
are recorded in a LabVIEW data acquisition program that also time-averages
measurements and records the transducer output, via the DAQ card.

Figure 3.16: High-range pressure transducer calibration; dead weight
tester and weights.

3.4.5

Solid State Transducer

Using a mercury manometer as a standard, a calibration is executed for an
altimeter transducer. Students must evacuate a small tank using a vacuum. The vacuum
tank is applied in parallel to the mercury manometer and transducer. The mercury
manometer readings correspond to altitude readings.

As the pressure is decreased

(vacuum), the altitude reading increases. Since the manometer originally assumes a sea
level reading at atmospheric pressure, students must take an accurate reading of the local
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barometric pressure for a distance correction above sea level. Once the manometer is
corrected, students obtain readings while vacuum is applied to the transducer/ manometer
and while the manometer is returned back to atmospheric conditions. The transducer is
linked in parallel to a voltmeter and a computer DAQ card. The measurements of the
mercury manometer, the voltmeter and the time-averaged output voltage read by the
DAQ card are recorded by the data acquisition program written in LabVIEW. The setup
for the solid state transducer is arranged in the same manner as the airspeed indicator
transducer discussed next and illustrated in Figure 3.18.

However, in the altitude

transducer calibration, a mercury manometer and solid state transducer are used. Figure
3.17 is a picture of the setup for the solid state calibration.

Figure 3.17: Altimeter transducer calibration; mercury
manometer.

50
3.4.6

Airspeed Indicator Transducer

The calibration performed for an airspeed indicator and its corresponding pressure
transducer uses a slant tube water manometer for the standard. The pressure transducer
calibrated with the airspeed indicator is a 0.125 or 1/8 psid transducer.

In the data

acquisition laboratory task, students calculated the conversion for pounds per square inch
from slant tube water manometers inclined at an angle of about 11.5 degrees. Students
use the previously calculated conversion for the readings now obtained in the calibration
of a pressure transducer. The procedure for the airspeed pressure transducer calibration is
similar to the calibration of the solid state transducer, above. Therefore, the procedure
will not be repeated. Figure 3.18 illustrates the transducer calibration setup.

Figure 3.18: Calibration of a 1/8 psid pressure transducer setup.
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3.4.7

Thermocouple/Temperature Sensor

Students must perform a calibration of a temperature sensor consisting of a
thermocouple and thermocouple amplifier. Three known temperatures, two at extremes,
are needed for the thermocouple calibration. Students are educated on the most accurate
way to find three known temperatures to use as standards. For the lower extreme,
students use an ice bath. Water is combined with ice in an open, insulated container to
insure a 32 degree Fahrenheit temperature. A hypsometer device is used to measure the
temperature of steam released by boiling water for the upper extreme of 212 degrees
Fahrenheit. A basic digital thermometer is used for the room temperature standard.
Extreme care is taken to insure safety precautions when using this apparatus. A circuit
connecting the temperature sensor chip, power supply, thermocouple and the DAQ card
is already prepared for the calibration. However, students are responsible for thoroughly
documenting the circuit and its components. Figure 3.19 shows the temperature sensor
circuit and calibration setup.

Figure 3.19: Thermocouple calibration; temperature sensor circuit and
calibration setup with steam boiler and ice bath.
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A LabVIEW program takes time-averaged voltage values corresponding to
temperatures measured in the ice bath, the steam device and room temperature. Students
verify and compare the recorded temperatures to standard thermocouple tables. Next, a
dynamic voltage response is performed. Students simply record approximately two
seconds of data, during which the thermocouple is removed from room temperature to
one of the extreme standards. The dynamic calibration is performed for both extremes,
recorded by a LabVIEW program, and compared to the time response characteristics of
the thermocouple. During the lecture, students learned that the time response of the
thermocouple system can be determined experimentally by finding the dynamic voltage
response.
3.4.8

Calibration Documentation

In place of the routinely required laboratory report, students are required to
submit calibration documentation for each of the seven calibrations performed.
Identifying information, including schematics, descriptions of setup, details of the
standards, calibration data plots, reduction equations and statistics are incorporated into
the calibration documentation. Students are required to include any error associated with
the calibrations. All manufacturer information for the transducers and significant
components were made available in PDF format on WebCT.
The calibration laboratory task was successfully presented through a web-based
lecture and presentation. The lab was offered to students both in the traditional
classroom setting and through WebCT. As illustrated through the calibration descriptions
above, the calibration procedures are easily demonstrated to the understanding of even
the most conceptually unacquainted. Other materials provided by manufacturers of the
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calibration components used were provided via WebCT for additional familiarization.
The calibration setups were documented both in print and digitally for future web use.
After reviewing the lecture via the Web, online students were just as familiar with the
calibration procedures as those attending the classroom lecture.
The objective of the calibration tasks, to become familiar with devices commonly
used in aerospace engineering laboratory applications such as pressure sensing systems,
force balance systems and various transducers, was easily accomplished via the web. No
amount of familiarization with the process is purported to be a substitute for actually
performing the calibrations. However, students with the web-based training proved to be
as prepared for the process of calibration and transducer selection and use as those in the
traditional classroom. Converting the introduction to laboratory procedures class into a
virtual forum prepares students for procedures such as calibrations. When the students
begin the second semester laboratory class, the procedure for performing calibrations will
be familiar and documentation will be on-hand. Therefore, whatever tasks are presented,
students are prepared with the knowledge to perform calibrations on equipment being
used in the tasks.
3.5

Strain Gage Measurements

An Introduction to Strain Gage Measurements24, 25 task provides students with
information and experience on strain gages, strain gage mounting and strain gage uses.
The lectures, in the classroom and through WebCT, provide mechanics of materials
fundamentals used with strain gages and beam experiment procedures. The purpose of
the assignment is to introduce the art of strain gage mounting and use. The fundamental
theories introduced in the lecture aid the student in the task of analytically predicting the
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response of a homogeneous beam to loading. Students must observe the beam response
in position strain, deflection under static load and dynamic vibration. Structural or
viscous damping characteristics of the beam are determined from analysis of the beam
response. Following the procedure outlined in the introduction to strain gage
measurements assignment, students must mount a strain gage on a test beam, write a data
acquisition program in LabVIEW, test the beam and acquire data.
An aluminum 2024-T4 test beam is used with an EA series strain gage. Specific
beam properties are provided in the assignment. The strain gage is attached
approximately one inch from the end wall of the beam, which is cantilevered in a vice for
testing. The strain gage is connected to a strain gage conditioning circuit. The free end of
the beam is loaded with various weights, with care taken not to overload the beam. A
picture of the strain gage testing apparatus is found in Figure 3.20. Calculations are
prepared by the students to determine overload properties prior to beginning the
experimental task. Strain gage output, load, and beam tip deflection are recorded for
each added load. Plots are constructed for strain versus load, deflection versus load and
stress versus load for both experimental and theoretical data.
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Figure 3.20: Strain gage testing setup.

Dynamic motion of the beam is initiated by removing the deflection micrometer,
bending the beam upward and releasing. Acquisition of the dynamic data is activated as
the beam is released. The strain gage output is recorded during beam vibration. A plot of
beam deflection versus time is constructed. The frequency of oscillation is determined
and compared with the theoretical first fundamental frequency of the cantilevered beam.
Observed damping parameters are determined.
The lecture, consisting of instruction in strain gage mounting, use of strain gages,
mechanics of materials theories and properties and the strain gage experimental
procedures, was successfully implemented through a web-based presentation. Students
viewing the lecture in the classroom and students viewing the lecture via WebCT stated
favorable comprehension of concepts. Digital documentation of the experiment is being
prepared to accompany a step-by-step printed description of the experimental procedure
for demonstration in a web-based environment. Students viewing the demonstration and
documentation will have a strong foundation in the procedure and be provided with
associated data for analysis. Another option, a simulation of the strain gage task, is under
consideration and is discussed later. Self-study quizzes, based on experimental
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procedures, testing, analysis and results, combined with graded quizzes and reports allow
for review of concept comprehension. Based on the review of a recent trial, the
following testament concludes the summary on the success of the conversion of the
Introduction to Strain Gages laboratory task to a web-based lab:
“Through the use of self-study quizzes concerning the procedures
and results, the accomplishment of the exercise was reviewed, and then
application of the principles taught in this exercise was assessed with
graded problems based on conclusions from the experimental study. For
example, during this exercise, the load versus strain and load versus
deflection relationships were determined. The output of the strain gage
amplifier circuit was then to be modified by the student through the
specification of parameters such as excitation voltage and gain, such that
the magnitude of deflection at a point on a beam under load produced a
voltage display on a multi-meter that matched that deflection in
magnitude and signed direction. Thus, the design of a transducer
measuring deflection was effectively demonstrated. The program
operation for this experiment was accomplished from a remote location
via the web. Values for the appropriate parameters were specified by the
student with actual adjustments made by a teaching assistant monitoring
the equipment, then the actual operation of the transducer could be
observed in real time by the student utilizing a LabVIEW program that
had been exported.” 1

3.6

Computer Peripheral Control

The objective of the Introduction to Machine Language26 task is to provide
students with a fundamental understanding of concepts related to computer peripheral
control and communication. Students are introduced to the control of input and output of
computer data through programming in machine language. The process of controlling
peripheral devices through parallel ports is initiated. Students are given background on
the machine language program, its purpose and uses. Materials used in the aid of
learning machine language are introduced and described. Basic computer and circuit
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devices are discussed for a thorough understanding of the task at hand. All background
material needed for the machine language laboratory task is easily developed into a webbased lecture.
Basics on parallel ports are introduced to students via the lecture. Students are
expected to comprehend general knowledge on parallel interfaces, including connectors,
ports and addresses. The parallel port, very commonly referred to as the printer port, can
be used to communicate with external devices in the same way that it communicates with
printers. The computer connects through a D-shell connector with 25 pins (DB25). Each
pin contains information that is written by a controller. Students are made aware of the
limits that each pin can source (2.6 mA) and sink (24 mA) and that external devices are
not allowed to pull the sources to ground. The printer port assigns data, status and
control to three addresses, 378h, 379h and 37Ah, where h denotes hexadecimal digits.
Data, status and control are not necessarily assigned to those specific ports, but typically
are assigned in that order. For example, if data is assigned to 378h, then it follows that
status and control be assigned to 379h and 37Ah, respectively.27 Assignments for the pins
and ports are illustrated below in Figure 3.21 and Figure 3.22.
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Figure 3.21: Pin assignments.27

Figure 3.22: Port assignments.27

In addition to understanding the components of the parallel port connections,
students must be familiar with the external electronic circuitry necessary for controlling a
motor. Explanation and illustration are provided for student use as follows. An external
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hex inverter changes the voltage from high to low and from low back to high. The signal
is routed through two inverters to restore the signal back to its original state and buffer
the computer for more current. An external source gives power to the external circuit to
drive the motor, while the power from the computer powers the control circuit. A diode
and resistor are placed between the inverter chip output and the Darlington transistor to
keep spikes in power from running back through the circuit. The diode resistor
combination also limits the current in accordance with Ohm’s Law. The transistor is
merely a switch used to reset the control. The terminals are labeled B (base), C
(collector), and E (emitter). When the transistor is biased, the collector and emitter are
connected. When the transistor is unbiased, the collector and emitter are not connected.
Figure 3.23 is provided to students for reference to the external circuit.

Figure 3.23: Introduction to Machine Language external circuit.26
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In addition to understanding the system, students are assigned the task of relating
the benefits of such knowledge to real world examples. Specifically, applications to “flyby-wire” systems are assigned for discussion in student reports.
Examples of programs controlling computer peripherals are illustrated and
provided for guide. Students use a debug program inside the Microsoft operating system
DOS directory to develop the machine language control program. By using the control
program to manage a motor attached to a motor control board via the computer parallel
port, students become familiar with the application. The steps taken by students to control
peripherals are outlined for reference. First, the program must output a low bit to an
output pin on the printer adapter card to insure than an external motor is off. Students
must input from an input pin on the printer adapter card for eventual detection of an
external switch, save the input value, monitor pins for change, sample the computer
internal clock and write the time to an output pin. Next, a high bit to an output pin must
be written to turn the external motor on, a delay for three seconds, an output to turn the
external motor off and delay for three more seconds. The output cycle is repeated three
times before the internal clock is again sampled. The time is written to a memory
location and verified by calculations of elapsed time shown on the system clock.
Students are also assigned the task of writing a similar program using BASIC. Again,
detailed examples of syntax and actual programming are provided.
Although the skills and knowledge gained in the current Introduction to Machine
Language task is necessary and fundamental, the parallel port is being superseded by the
Universal Serial Bus (USB). This experiment is under consideration for replacement
with a similar setup using digital input and output through USB controlled devices. One
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option being considered is the combination of the current task with a task already
developed to compare analog and digital signals from a circular potentiometer and an
optical encoder. The optical encoder is used to measure angular rotation of a shaft
connected to a motor previously controlled as a peripheral.

Either option under

consideration could be set up for remote operation with a LabVIEW program which
would provide web-based access.

CHAPTER IV
THE BENCHMARK TASK

4.1

Overview

The Introduction to Laboratory Procedures class is designed to give students real
world experience using knowledge learned in the classroom and provide them with
fundamental skills needed to perform experimental tasks. The design and
implementation of a computer data acquisition and control system for a portable wind
tunnel as a benchmark task tests and refreshes the skills acquired by the students during
the introductory lab. The objective is to provide a benchmark task that implements and
ties together concepts previously learned and applied in the introductory lab. During the
performance of the tasks assigned for the benchmark lab, students encounter incidental
tasks of transducer calibration, transducer limitation and use, use of electronics, digital
data acquisition, digital control of peripheral devices, programming data acquisition and
control systems (DACS) in LabVIEW and operation of a portable tunnel with a studentdeveloped program. Recent graduates consistently report that much time is spent in their
first career years rebuilding programs from existing code. Therefore, a previous program
written for the portable tunnel in Testpoint, another visual programming environment, is
used as the guide. As a new task, the student learns how to publish the DACS program to
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the web, set the program up for user-friendly remote use, and operate the portable tunnel
from a remote location.
The benchmark task, Data Acquisition and Control System for a Portable Tunnel5,
28, 29

was implemented as a web-based lecture. However, development of code and

operation of the tunnel was previously done in the laboratory setting. Although the task
requires development of a program for control of the entire tunnel, steps have been taken
to illustrate a complete implementation of the task in a virtual forum using the example of
control and presentation of tunnel speed only, for the purpose of demonstration. All
aspects of the benchmark task are presented, but particular emphasis will be placed on
demonstrating the tunnel speed control and presentation development for the purpose of
implementing in a virtual forum. Where possible, illustrations are used to demonstrate
the resources employed in the conversion to the virtual forum. The finished product of
the conversion allows all of the lecture, program development and tunnel operation to be
completed using only the lecture presentation, a remote means of communication, and a
remote computer for development and operation. After the program is written, the
student either emails or submits his program via WebCT for operation setup. The
program is loaded onto the computer used to control the portable wind tunnel and
published to the web by a tunnel monitor. From a remote computer, the student logs onto
the web page where the program is published and controls the tunnel from the remote
location.
4.2

Motivation

The objective of the using the portable lab as a benchmark is to apply and
combine skills learned in the Introduction to Laboratory Procedures class for one final
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task. The task of challenging students to use the previously taught skills helps determine
the degree that these skills have been developed and the extent to which the skills can be
applied to a real world scenario. It also assists the students in further comprehending the
concepts by refreshing and applying the knowledge learned. All that remains is
motivating the students to apply skills to the best of their ability, assuring the most
comprehensive experience.
The portable wind tunnel is used for orientations, departmental tours, and
classroom demonstration. Because the tunnel is used in lower-level aerospace
engineering introductory classes, it must be maintained and kept in step with modern
technology. Having already taken the lower-level courses, students taking the laboratory
classes are aware of the immediate need for the tunnel to be available. Citing corruption
of software and out-of-date software and failure of the previously used hardware,
students are assigned the task of updating the DACS program using LabVIEW. Knowing
that the lower level classes use the tunnel for demonstration purposes, students are
motivated to remedy the problem promptly and accurately. Consciousness of the reality
that the programs written for the task will be used for future demonstrations inspires
students to produce superior work.
4.3

The Benchmark Assignment (Combination of Labs)

As stated before, the benchmark assignment is a review and implementation of
previously learned skills. Although students are expected to implement the previously
learned skills, detailed review of these skills reinforces insight. Therefore, before
beginning the physical task, students are given the opportunity to review basics of
transducer calibration, limitation and use, electronics and digital data acquisition, digital
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control of peripheral devices, and LabVIEW for programming DACS. The review is
offered through a web-based lecture presentation and insures the students’ readiness to
proceed with the design and implementation of a computer data acquisition and control
system for a portable wind tunnel as a benchmark task.
4.3.1

Transducer Calibration, Limitation and Use

In a laboratory task previously discussed, students studied different types of
transducers, transducer uses, calibration methods and how to correlate a physical quantity
with a measurable quantity. Various transducers were calibrated using different
measurement techniques. The students are now assigned the task of using that knowledge
to choose a transducer compatible with a low-speed wind tunnel. The appropriate
transducer allows for monitoring the speed of air through the test section by finding the
difference between a total pressure port and a static port in the test section. The slope
value, or correlation coefficient, determined from the calibration procedure will be used
to determine a physical quantity (pressure) from a measurable quantity (voltage).
Therefore, the knowledge needed from the calibration task to apply to the benchmark task
includes the calibration of various transducers using different measurement techniques,
selection of the most practical transducer and the basic principle of correlating a physical
quantity with a measurable quantity. Students are refreshed and familiarized with the
previous task through a web based lecture for the benchmark task. Figure 4.1 illustrates
the slide used in the lecture presentation to remind the class of the previous task. A
detailed note page is included with each slide for in-depth explanation.

66

Figure 4.1: Presentation slide review of transducer calibration.29

4.3.2

Electronics and Digital Data Acquisition

Several laboratory tasks introduce the student to signal processing and electronic
knowledge and skills. It is expected that the student have either retained this information
or have the necessary materials to review for refreshment. However, a highlighted
review is prepared in a web-based lecture presentation. The most significant skills from
electronics and digital data acquisition are the concepts learned from examining signals
of various frequencies and offset. Students are introduced to the digital oscilloscope, its
applications and the limitations of LabVIEW in examining signals. From this experience,
students are expected to be able to determine appropriate sampling frequencies and
number of samples in the benchmark task. Figure 4.2 represents two of the slides used
from the lecture to illustrate basic concepts reviewed for the benchmark task.
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Figure 4.2: Presentation slide review of electronics and data acquisition29

When determining sampling rates in the data acquisition laboratory task, it was
necessary to sample at a rate at least twice that of the actual frequency. It is important to
point out during this review that cases exist where other concerns must be considered.
For instance, when controlling the speed of the tunnel, one needs to know the frequency
that the motor is turning, when sampling for feedback. Since it is not known, and speed
control of the portable tunnel does not need a high level of accuracy, other effects must
be considered. The settling time and time needed for calculations will affect the response
of the control. Also, it is important to make sure that not too many samples are being
taken, so that the data flow is steady. When taking samples, the program will make
calculations before directing the tunnel to perform a velocity up, velocity down, or stop
increasing/decreasing velocity function. The number of samples must be kept low
enough so that response time is not hindered by the fact that the program is trying to take
samples. The Testpoint program being updated in LabVIEW takes 10 samples at a
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sampling rate of 1000 samples per second. Students are encouraged to use the sample rate
and number of samples employed by the Testpoint program as suggestions. However
students are warned that careful rationalization must occur before trusting the
suggestions.
To aide in rationalizing the sample rate and number of samples, the class is
instructed to keep in mind that there is a certain amount of settling time associated with
control systems. Consider the case where the velocity is increased to a desired value.
The program will take the current velocity reading and calculate whether the velocity
needs to be increased, decreased or left where it is. If for example the starting point is 0
feet per second, then velocity will be increased when told. The program will check the
current value from the transducer, calculate the speed, and then continue to increase until
the target velocity is reached. Once the target has been reached, it discontinues
increasing. If the program is told to take 1000 samples at a sampling rate of 1000 Hz,
then it is taking 1 full second to take those 1000 samples. While checking current
velocity, the program takes a entire second to check and an additional amount of time to
calculate (usually very small). Meanwhile, the velocity continues to increase until the
program finishes taking its samples and calculations, which could result in overshooting
the target. This is an especially important fact when learning to control wind tunnels.
Carrying this knowledge past the immediate task, students must understand that in a large
wind tunnel with a closed loop system, a certain time to settle (settling time) is of major
importance. If too many samples are taken, the error of the response is inflated. After
telling the system to stop increasing its speed, the velocity has increased considerably by
the time the system even determines that it has reached its target.
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With the portable tunnel, because it has an open-loop configuration, the settling
time is considerably less. By keeping the number of samples high enough to be accurate
but low enough so as to not increase overshoot, a more accurate control can be
approached. Ten samples at 1000 Hz is 1/100 of a second. Although the assignment of
these specific numbers is based mostly on trial and error and some arbitrariness, there is
justification in the randomness.
Therefore, the knowledge needed from the digital data acquisition task to apply to
the benchmark task is primarily the rationale for deciding on a sampling rate and number
of samples. However, this skill comes not just from the data acquisition task, but from
numerous laboratory tasks where it was practiced and tested. Although there is very little
setup required for the portable tunnel, an understanding of the present setup is necessary.
This setup will be thoroughly explained in the discussion of the portable tunnel.
However, students bring experience in setting up experimental electronics, including
screw terminal boards for signals into data acquisition boards, parallel ports for motor
control, amplifiers for thermocouple junctions and strain gage readings and power
supplies for various instruments.
4.3.3

Digital Control of Peripheral Devices

In preparation for the benchmark task, students are reminded of the Introduction
to Machine Language task. Specifically, students must be familiar with using a standard
computer parallel port to make digital inputs and outputs control a motor. In the webbased lecture presentation, a refresher on tasks pertinent to the benchmark task is
provided, see Figure 4.3.
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Figure 4.3: Presentation slide review of PC peripheral control.29

Students are reminded and refreshed of the basic principle of isolating a control
input from peripheral action using computer programming to detect an external event.
The benchmark task gives students a chance to use the peripheral control methods in a
real-world situation. Students’ basic programming and debugging skills in the control
sense are refreshed and reinforced. In conjunction with electronic skills and using a
parallel port for peripheral control, students refresh their understanding of writing bit
patterns to the PC memory address to control external devices. A switch connects high or
low voltage to the parallel port. A high output causes a bias on a Darlington transistor for
operating the motor. Thus by reading or writing to parallel port addresses, the program
detects digital inputs corresponding to switch position, and produces digital outputs
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causing a motor to operate. Use and familiarity with the standard parallel port allows
students to program with personal computers.
The table in Figure 4.3 illustrates the output combinations that must be written for
motor control. For instance, notice that hex address 378 has four bits. Each of the four
bits controls an aspect of either velocity or angle of attack. Writing a high (1) to the first
bit, furthest to the right will initiate the action of velocity up. Similarly, writing a high to
the third bit will initiate the angle of attack to begin moving up. Writing a low (0) to any
of the bits will terminate movement in any direction by causing the motor to halt. In the
same fashion, hex address 37A has four bits and is also an output address. Hex address
37A is set up to control the pressure scanning device by either stepping or returning to
home. Although control through peripheral devices is already familiar to students,
documentation in the form of previous programming for the portable tunnel and lecture
notes is provided for understanding of the particular knowledge needed for portable
tunnel control.
4.3.4

LabVIEW for Programming DACS

Students are already familiar with the use of LabVIEW as a programming
environment for data acquisition and control. The benchmark task is an exercise in
taking an existing program, written in Testpoint and converting it to a more modern,
updated program in LabVIEW. Students have access to documentation in LabVIEW
programming skills. However, important steps, hints and examples are provided as a
guide. The skills immediately necessary for the benchmark task are provided in the
lecture presentation as illustrated in Figure 4.4. Students must be familiar with
LabVIEW programming and the equipment setup related to acquiring data, particularly

72
connecting the appropriate channels. The tunnel is controlled through the standard PC
parallel port and a common data acquisition card, currently an NI 6024E, is used for
measuring transducer output.

Figure 4.4: Presentation slide review of LabVIEW DACS.29

4.4

The Portable Tunnel

The portable tunnel is located in Patterson 207, which is used as the MSU
Aerospace Engineering laboratory classroom. The portable tunnel system consists of an
open loop wind tunnel, total and static pressure ports in the test section, a mechanical
airspeed indicator, a pressure transducer, an airfoil section with pressure taps, a bank of
water manometer tubes and a pressure scanning valve. Figure 4.5 shows the setup of the
portable tunnel.
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Figure 4.5: Portable tunnel system.1

The portable tunnel is powered by a DC-current turbine controlled by varying an
AC to DC converter and computer-controlled, reversible DC motor. The drive
mechanism of the variable control has a limited movable range. Mechanical limit
switches prevent excursion outside of the movable range and therefore failure of the
device. Logical limit switches are a possible option for further protection. The two
pressure ports in the test section, total and static, provide a means for monitoring the
speed of the air through the test section. By calculating the difference between total and
static pressure, a dynamic pressure can be found, and Bernouli’s equation can be
implemented to find the local velocity in the test section. A mechanical airspeed
indicator and a DAQ card record and convert the dynamic pressure for real time velocity
readings. The dynamic pressure is relayed to the DAQ card in voltage via a linearlyproportional pressure transducer. A real-time update of velocity in the test section allows
the program to manipulate the power supply until the desired speed is acquired.
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The airfoil section mounted in the test section of the tunnel has pressure taps
along the top and bottom surfaces. The airfoil pressure taps, the total pressure tap and the
static pressure tap are all plumbed to a water manometer bank and a pressure-scanning
valve. The pressure-scanning valve scans through each pressure tap and translates each
reading through an electrical pressure transducer. The data acquisition program records
each pressure reading and writes to a comma-separated data file in addition to using the
dynamic pressure for control purposes. The angle of attack of the airfoil is controlled by
a small, reversible DC motor using potentiometer feedback. The potentiometer is geared
to the motor shaft on which the airfoil is set and produces a voltage that is linearly
proportional to the angle of attack.

4.5

Developing the Program

Students are given two three-hour laboratory sessions and two three-hour lecture
periods for review, development and testing of a data acquisition control program for the
portable tunnel. Students are expected to use most of the first lecture series for learning
and reviewing the basics and beginning the program development. The first laboratory
session and second lecture period are spent developing and asking for guidance or help in
programming and debugging. The second laboratory session is used for final preparation
and testing.
4.5.1

Algorithm

Initially, students are given a general outline of the basic steps needed for
development of the tunnel program. Students are expected to generate a more detailed
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algorithm on their own. Figure 4.6 is an example of the algorithm given in the lecture
presentation in class.

On Program Start, Clear All Output Ports
Display Connections Message
Await Continue Command
Obtain and Display All Reference Voltages
Dynamic Pressure Transducer Zero Voltage
Angle of Attack Potentiometer Zero Voltage
Scannivalve Transducer Zero Voltage
Perform desired actions until STOP command
Change Velocity to that desired
Change Angle of Attack to that desired
Display Pressure Distribution
On Stop Command
Return Angle of Attack to zero for subsequent runs
Command velocity decrease
Zero all outputs and terminate Program
Figure 4.6: Example of general algorithm.1

In addition to giving the students a guideline algorithm to use, the previously used
Testpoint program and examples of previous efforts using LabVIEW for the portable
tunnel are shown. For example, Figure 4.7 shows the front panel elements that are used
in both the reference Testpoint program and the example LabVIEW program. Students
are encouraged to search the Testpoint program and select the sections pertinent for
writing a similar LabVIEW program.
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Action Buttons

Program Continue Button
Change Velocity Button
Change Angle of Attack Button
Take/Display Pressure Data Button
Tunnel Shutdown Button
Control Inputs
Desired Velocity
Desired Angle of Attack
Digital Displays
Velocity
Angle of Attack
Graphical Display Cp versus x/c Pressure Distribution
Hidden Digital Displays/Arrays
Desired voltage for AoA, Velocity
x/c Array
Data Array
Cp Array

Figure 4.7: LabVIEW front panel elements.1

4.5.2

Program Overview

Figure 4.8 shows the front panel of a LabVIEW example program. The program
that students are assigned to write usually has small but significant differences from the
examples given. The differences will be pointed out. For now, actually seeing the basic
makeup of the final program gives students some self-confidence in their ability to
perform the task. Having it broken down and explained frame by frame tremendously
expands confidence. In reference to the front panel, Figure 4.8 shows the basic action
buttons, controls and indicators mentioned above in context with the front panel for the
portable tunnel DACS program.
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Figure 4.8: Example LabVIEW front panel.1

The LabVIEW program block diagram is divided into four sections by a large
sequence loop. The first sequence, sequence 0, denoted by (S0) and shown in Figure 4.9,
clears ports and takes zero readings. Notice that the program stays in this state until it is
told to start the tunnel. Therefore, it waits, continuously checking to see if the user has
clicked the Clear Output Ports button, Take Zero Readings button or Start Tunnel button
before it goes to the next sequence (S1). Student programs must be set up so that the
tunnel can not be started until the outputs are cleared and the zero readings are taken.
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Figure 4.9: Example LabVIEW wiring diagram; variables at left; initial structures at
right (S1).1

The S1 frame, shown in Figure 4.9, allows the program user to clear output ports
and take zero readings. Students are warned of the importance of clearing output ports
before initiating the tunnel startup. When the computer is turned on, the state of the bits
of the output address are unknown until ports are cleared. Clearing the ports puts all
control bits of the output addresses in a known state of zero. Therefore, students must
always start the program and clear the ports before connecting the parallel port to the
tunnel. Cleared ports guaranty that when connected the tunnel will not initiate a start
sequence on velocity, angle of attack, or the scanning valve. For example, if the tunnel is
hooked up before clearing ports and the angle of attack bit for the 378 address is at 1,
then the angle of attack will begin to change until manually stopped or cleared. If the
angle of attack mechanism goes past about 45 degrees either way, the belt on the motor
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begins slipping. Any further and things get bad quickly. So, students are informed to
always clear the ports before connecting to the tunnel. This example is taken to show
students why it is important to set the program up so that further steps of starting the
tunnel can not be initiated until the program has cleared ports. The Clear Ports button
can be set up as a logical prevention. This step is left to the students to create. Ports are
cleared through output subVIs that are internal to LabVIEW. Students must only put the
subVIs into the main program and specify the address. Students have previous
experience in writing programs to record zero values and may look back in previous
documentation for reference to that task.
The second page, sequence 1 (S1), not shown, simply initializes the arrays.
Students have also accomplished this task in previous laboratory tasks.
The third page, sequence 2 (S2), shown in Figure 4.10, is where the velocity,
angle of attack and pressure scanner are controlled. Only the velocity is discussed here.
The velocity programming is in the case loop on the top left of Figure 4.10. Again, the
while loop waits until the Stop Tunnel button is clicked before leaving this page. Until
then, the program waits inside the loop for the Change Velocity button, Change Angle of
Attack button or Take Pressure Data button to be chosen. When one of the options is
chosen, the program performs that entire operation and backs out to wait for another
command.
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Figure 4.10: Example LabVIEW wiring diagram; control velocity, angle of attack or
pressure scanner (S2).

Although this part of the program is complicated and tedious, each section is
broken down fundamentally. For the purpose of illustration, the velocity section is
described. The last sequence, S3, is reserved for tunnel shutdown. S3 is described in
detail later. At this time students have finished previewing the lecture and written an
algorithm. To begin programming, students should look at the Testpoint program, which
was converted from previous original programming. Therefore, the Testpoint program
will be updated to a new platform, LabVIEW. From the algorithm, students are familiar
with what indicators and controls are needed on the front panel. Figure 4.11 shows the
original Testpoint program control and indicator list, which can be used for reference or
comparison purposes.
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Figure 4.11: Testpoint portable tunnel program indicators and controls.29

It is important for students to recognize the variables. For instance, velocity
input, designated in Figure 4.11 as 1, is what is traditionally known as the desired
velocity. It is the target velocity that the user is notifying the tunnel to reach. In Figure
4.11, 2 and 3 are the printer/parallel input/output ports. Also in the figure, 4, Q zero
voltage is the zero reading indicator for velocity; 5, airspeed, is the current reading
indicator or velocity now; 6, clear output ports, is a button that when true, will start a
sequence in the program to clear the ports; 8 is the same thing, but for getting zero
readings; and 7 is the true/false programming that the student writes to get to the desired
airspeed by monitoring and either decreasing or increasing the velocity.
4.5.3

Clear Ports and Take Zero Readings (S0)

Pages 2-5 of the Testpoint program simply describe each variable used in the
program and are not illustrated here. On page 5 of the Testpoint program, students are
advised to pay particular attention to the action list for clear output ports, remembering
that this is the first thing to be done by the LabVIEW program. Comparing the Testpoint
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program to the LabVIEW program, on the first page, S0, the output ports must be cleared
and zero readings must be taken, see Figure 4.12 and Figure 4.13.

Figure 4.12: Testpoint portable tunnel DACS program; clear output ports action list.29

The best way to clear ports and take zero readings in LabVIEW is to set up a
sequence loop inside of S0, Figure 4.13. The sequence loop inside of SO will be called
the small sequence and denoted with a small s and its corresponding frame number (i.e.
s0, s1, etc.). In the first page of the small sequence, s0, port 378 are cleared. In the
second page of the small sequence, s1, port 37A are cleared. In the third page of the
small sequence inside S0, which is s2, the zero readings are taken. This sequence of
events is illustrated in Figure 4.13. Notice in Figure 4.13 that the first page of the large
sequence, denoted by S0, is a stacked sequence and the smaller sequences are flat
sequences. The stacked sequence has four pages, 0 through 3, stacked on top of one
another whereas the flat sequence has three pages, 0 through 2, but lined up next to each
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other. The sequence loops are shown in different perspectives for demonstrative
purposes only. There is no difference in the functionality of the different types of
sequence loops.

Figure 4.13: LabVIEW sequence SO; clear ports (s0, s1) and take zero velocity
reading (s2).

The small square with the chip and arrow found in the first two small sequences is
the output subVI. The output port VI is found under “functions>all
functions>advanced>port I/O>output port.VI”.

Students are not familiar with this

particular function before the benchmark task. Figure 4.14 illustrates the directions for
finding the output port VI, remembering that the functions palette is reached by right
clicking on the block diagram of a LabVIEW program.
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Figure 4.14: Directions to the Out Port.VI on LabVIEW block diagram.

The address on the output port VI is designated by right clicking and creating a
constant. Students must be careful to remember that the address 378 is a hexadecimal
number. Therefore, steps must be taken to either write the address in hexadecimal or
convert the address to whatever base the program is using. To convert to hexadecimal,
the student must right click inside the blue box of the address, pick format and precision
and choose hexadecimal. LabVIEW makes the process easy. The format is chosen and
the number is typed in. Once the hexadecimal address 378 is chosen, the write value is
chosen to be 0. The same steps are followed for address 37A, the other output address
used in the program. After the ports are cleared when running the program, all of the
tunnel controls are switched to off. It is important to note here, that although in a
demonstration of velocity control, the program will not be using 37A, it must
nevertheless be cleared for tunnel operation.
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Students are familiar with how to take zero readings. In s2, a zero velocity
reading is taken. The only decisions made here are the channel assignment and the
sample number and rate. Students are encouraged to go through the Testpoint program
and find the values used. Although the Testpoint program was used for many years, it is
still necessary for the student to rationalize using both the number of samples and sample
rate. Reasons for particular sample numbers and rates were listed and discussed
previously. Assigning a channel number is usually best decided by correlating with the
design of the entire system. In the case of the portable tunnel, using the numbers
provided by the Testpoint program is probably the best choice. The tunnel was operated
under the Testpoint program for years and is therefore set up for use as it is written. In
the Testpoint program, velocity is monitored on channel 0. So, the program is ready to
clear output ports and take a zero velocity reading. When writing the entire program, a
zero angle of attack reading would be taken as well.
Programs written by students must have minor, yet significant differences, as
noted before. The student written program must have logic limits preventing it from
continuing without clearing ports and taking zero readings. This task is easily completed.
The example in Figure 4.13 remedies the problem in one way. In Figure 4.13, the task is
accomplished without any user interface. The LabVIEW program accomplishes all tasks
on the page before moving to the next. Another possibility is to set up a while loop that
prevents the user from getting out of the loop until the Clear Output Ports button is
pushed and the Take Zero Readings button is pushed. The latter option is slightly more
time-consuming to set up, but much more useful when using remote computers to run the
portable tunnel. If the user must make logical checks by pushing buttons to pass into the
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main program, indicator lights can easily be set up to signify when each task has been
initiated or accomplished. As a result of the indicator lights, both the remote user and the
tunnel monitor are aware of each task as it is completed.
The next step of the large sequence, S1, must be reached by the user clicking the
Start Tunnel button. This task is most easily accomplished in one of two ways. If the
sequence in Figure 4.13 is contained inside of a while loop that runs until the Start Tunnel
button is clicked, the sequence loops will repeat until the user decides to start the tunnel.
In that case, the program should be written so another page is added in the small
sequence, s3. The sequence page s3 would contain nothing but a while loop connected
to the Start Tunnel button. The program would then clear the ports, take the zero
readings, and then once in s3, wait for the Start Tunnel button to be clicked. Another
possibility is to use case loops inside of a while loop. In that case, the ports are cleared
and the zero readings are taken when the appropriate button is pushed but the program
only continues when both cases are true and the Start Tunnel button is pushed. Notice
that the sequence loop in Figure 4.13, with the added s3 containing a while loop, and the
case loops inside a while loop in Figure 4.15 accomplish the same task. However, Figure
4.15 only allows the user to go forward after all tasks have been accomplished.
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Figure 4.15: LabVIEW portable tunnel start tunnel sequence.

Notice in Figure 4.15 that the Clear Ports button and the Take Zero Readings
button are connected to the case loops. When one of the buttons is clicked, the loop is
activated and the tasks within are carried out. Once a task is accomplished, its button
remains true. Once all buttons are true, the while loop is stopped and the large sequence,
S0, continues to the next frame, S1. The three button variables are connected to the while
loop stop by Boolean ands. The Boolean ands keep the while loop from ending until all
buttons are true.
4.5.4

Velocity Control

Students are now familiar with using an existing VI to zero ports. In just the same
way that ports are cleared, high outputs can be written to the same addresses to control
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velocity up and down. To do this, students are encouraged to write separate subVIs. If
separate subVIs are written for control of the velocity up and control of the velocity
down, the code is less cluttered and the controls are not rewritten over and over again.
For example, if a subVI is written for velocity up, throughout the program, if a velocity
up command is called for, the subVI is used. Students are warned to label the subVIs
appropriately, so that each subVI can be identified at a glance. Note, the same practice is
used for zeroing the ports. A full demonstration of how to prepare a subVI is not
illustrated because students have documentation from previous labs on the subject.
However, an illustration of the use of a subVI for velocity up is shown in Figure 4.16. In
the figure, the presence of the velocity up subVI will complete the task. The program
reads the subVI as a command. The demonstration to the right of the subVI only shows
what is inside the subVI. The content of the subVI is viewed by double clicking on it.

Figure 4.16: Velocity up subVI and contents.

Students are encouraged to create subVIs for all controls, including zeroing ports,
velocity up, velocity down, angle of attack up, angle of attack down, scanning valve step
and scanning valve home. A list was previously given that described which addresses
and bits are used to control the velocity, angle of attack and scanning valve. Also, the
Testpoint program can be used as a reference for these values. Students must use the
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previous program to determine the values for controlling the tunnel. Figure 4.17 is an
excerpt from the Testpoint program which describes how to control the velocity. The
pertinent sections of Figure 4.17 are circled. Notice that line seven states: If the velocity
desired (Vdes) is greater than the current velocity (Vnow), then output to address 378 a
value of 1. The translation in non-coding terms is that if the desired velocity is larger
than the current velocity of the tunnel, then increase the velocity of the tunnel. Hence,
writing a value of 1 to hex address 378 increases the velocity. In line 18, the opposite is
true, and the value written to hex address 378 is 2. Hence, writing a value of 2 to hex
address 378 decreases the velocity. The same interpretation is done for control of the
angle of attack and scanning valve.

Figure 4.17: Testpoint program excerpt; velocity control.

For the control sequence, the following things must be done. Wait while the Stop
Tunnel button is not true. If the Change Velocity button is true, then begin a sequence of
events to control the velocity. First, an illustration of the while loop and the case loops
are shown in Figure 4.18. This illustration is not meant to demonstrate anything other
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than the overall picture. Steps will be described later. Figure 4.18 shows one large
sequence, S1, with one large while loop inside. The while loop is tied to a stop
command. The stop command is activated when the Quit Program button is clicked.
Inside the while loop, there are three case loops. Each case loop is tied to a control
variable. The while loop continues to check for commands until the option of quitting the
program is chosen. Notice in Figure 4.18 that the true cases are shown for angle of
attack, top left, and velocity, top right, but the false case is shown for the scanning valve
sequence, bottom. All of the case loops have a blank false case. The false case is blank
because nothing should happen until the particular button is pushed and the case is true.
Next notice that there are message variables for each task and inside the while loop. Each
message is tied to one particular variable. When the program reaches a particular task,
the corresponding message will appear on the front panel. Next to the message variables
is a ready/busy variable. Each ready/busy variable is tied to either a true or false
Boolean. When the task associated with a true ready/busy light is chosen, a light on the
front panel glows red to show that the program is busy. Notice also that there is a false
ready/busy light in the outer section of the while loop. The false ready/busy light changes
the front panel light to green anytime the program is waiting for a command, to illustrate
that the program is ready for commands.
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Figure 4.18: Illustration of S1 with 3 case loops for control inside of while loop.

A closer look at just the case loop for the velocity control reveals the details of the
steps to be taken for controlling the velocity. See Figure 4.19 for the true case and first
step, denoted s0. Keeping in mind that the illustration is part of the bigger loops, if the
Change Velocity button is true then a sequence of four events (s0 through s3) begins
which controls the velocity. In Figure 4.19, showing s0, the desired velocity is first
converted to a voltage for recognition by the computer. The computer can only compare
to the output read from the transducer. Since the transducer outputs a voltage, the
computer must read the desired velocity as a voltage for comparison to the current
velocity reading via the pressure transducer. Students were previously introduced to
formula nodes. Velocity desired in knots is input into the first formula node. The
dynamic pressure is the output of the first node. Using the dynamic pressure calculated
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from the first node, the zero reading, and a transducer slope value, the velocity desired
(Vdes vel) in volts is output from the second formula node.

Figure 4.19: LabVIEW program; first sequence of velocity control (s0).

The conversion equations are detailed in the Testpoint program. Students are
instructed to peruse the Testpoint program for the conversion equations but must use the
slope values established during calibration procedures for the particular transducer being
used. Figure 4.20 illustrates the use of the Testpoint program for conversion equations.
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Figure 4.20: Testpoint program conversion equations.

Figure 4.21 illustrates the next frame of the velocity control sequence, denoted s1.
In s1, a current reading of the velocity in volts (Vnow velocity) is taken. The current
reading is taken to insure the current known state of the velocity.
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Figure 4.21: LabVIEW program; velocity now reading (s1).

Figure 4.22 illustrates the control of velocity down. After taking a current
velocity reading in s1, the program moves to s2. The sequence page s2 first decides
whether or not the velocity desired is greater than the current velocity reading. Figure
4.22 shows the false case. Therefore, according to the figure, if the desired velocity is not
greater than the current velocity, a sequence of three events must take place. First the
velocity down subVI is activated. Next, a while loop retains the program in this frame
until the current velocity is less than the velocity desired. Lastly, the motor controlling
velocity is turned off and the program continues to the next frame, denoted s3. In
layman’s terms, keeping in mind that the sequence set inside the case loop is no different
than the stacked sequence, as described before, in s2, the computer decides if the desired
velocity is greater than the current velocity. For the sake of illustration, the false case is
presented. Therefore, the current velocity of the tunnel is higher than the user desires.

95
So, a set of three sequences takes place. First, the velocity is decreased. Next, the
current velocity is monitored until the current velocity becomes low enough so as to not
be higher than the desired velocity. Once the desired velocity is reached, it is no longer
decreased. Notice in Figure 4.22 that the program does not return to s2 to determine if
the desired velocity is greater than the current velocity again. Once it has made a
decision of true or false, the sequence set is carried out and the program continues with
s3. Therefore, the program will not be extremely accurate, which is okay. More
importantly, the program will not continue to search for a desired velocity. It will always
be as accurate as the sampling size and settling time, described before. It is also
important to point out that the true case would be carried out in the same way, except that
the first sequence, ss0, would have a subVI for velocity up, and the middle sequence, ss1,
would have a greater than sign where the “less than” sign is, in Figure 4.22.

Figure 4.22: LabVIEW program; decrease velocity control.
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After acquiring the desired velocity, a calculation is made to convert the velocity
voltage back into knots. Figure 4.23 illustrates the process of converting the voltage
reading back into a reading familiar to the user. Notice that one last reading is taken
before the conversion. The last reading ensures that the motor has stopped and the tunnel
speed has settled before the current velocity is calculated.

Figure 4.23: LabVIEW program; conversion of current velocity reading to knots.

4.5.5

Tunnel Shutdown

The final sequence frame encountered, S2, initiates the tunnel shutdown
sequence. Because of the mechanical limit switches discussed previously, velocity
shutdown is simple. The angle attack mechanism uses a search sequence similar to the
velocity control sequence in Figure 4.22, until a zero reading is reached. However,
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Figure 4.24 illustrates how the mechanical switches are used to terminate velocity. First
the velocity down subVI is used to begin decreasing velocity. A stop watch function is
used to tell the program to wait for 60000 milliseconds, or 60 seconds. While the
program waits, the velocity continues to decrease. Through trial and error, 60 seconds
was determined to be ample time to decrease velocity to zero from any velocity within
the usable range. After the 60 seconds, the velocity bit is cleared and the program is
terminated.

Figure 4.24: LabVIEW program; tunnel shutdown sequence.

The angle of attack and scanning valve programming tasks are accomplished in
similar fashion. A less-detailed step-by-step instruction is provided to students for
guidance in the other tasks. The presentation is designed to give students the type of
guidance needed for web based instruction while also encouraging research and
analytical thinking for development of the DACS program.
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4.6

Student Feedback and Improvements

In the past, students were found to be overwhelmed by programming DACS code
as an incidental assignment in other laboratory tasks. Students lacked the necessary
experience in applying DACS programming skills, even though it was required for
several laboratory tasks. Focus was spread between introductory procedures and
concepts and trying to learn DACS programming. It was noted that students seemed
unprepared to apply the principles learned in the first laboratory class. By assigning a
task which reviewed previous principles and tasks, such as transducer calibration and use,
electronic data acquisition, and digital electronic control of peripherals, students felt more
comfortable with the incidental nature of the programming task. In the process of
practicing and building DACS programming skills, students were reminded of principles
of former laboratory tasks through review and reflection. As a result, not only were the
DACS programming skills strengthened, but also knowledge of principles and confidence
in applying that knowledge was reinforced. Not only does the benchmark task give
students a gage of readiness and confidence, it also gives instructors a feeling for the
readiness of the class to proceed.
One change that was made over the past couple of years was the group
assignments. In previous years, three groups of two were given sections of the program
to develop. The groups were expected to communicate throughout development and then
combine efforts into one program. However, many complaints were made concerning
attempts to overcome a communication problem. In addition, students found it timeconsuming to try to rebuild programs from three sections into one complete program.
Concern was voiced over wasted time on trying to figure out what someone else did
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wrong. Therefore, the assignment was changed to allocate the entire program to pairs of
individuals. Working in pairs brought favorable feedback from all students. Students
began to make comments about the effectiveness of the review and confidence in
developing code instead of feeling overwhelmed or out of control. The latest feedback
from students who had finished the lab was an overwhelming sense of accomplishment
and pride in that accomplishment.
When the operation of the program from a remote location was tested, students
who had successfully completed the laboratory class and therefore the benchmark task
were confident and willing to attempt the remote operation. Students with the same basic
training in programming DACS but who had not accomplished the benchmark task were
less confident in attempts to control the tunnel from a remote location.
In summary, the benchmark task has become a gage for students and instructors
alike in basic skills learned in the introductory class. Refreshing and reviewing students
on principles and skills reinforces knowledge and confidence in applying those principles
and skills. Conversion of the benchmark task into a virtual forum will only make the task
more accessible and hopefully more successful.

CHAPTER V
REMOTE EXPERIMENTATION AND SIMULATION
In an effort to create a more accessible laboratory experience, the Introduction to
Laboratory Procedures class is being converted to a virtual forum. All lectures in the
first semester laboratory class were successfully converted, implemented and received in
a web-based environment. Most of the first semester laboratory tasks were easily
accomplished from a remote location through the accessibility of the lecture, an audioenhanced presentation, any necessary documentation and a personal computer. However,
some laboratory tasks require hands-on effort. These hands-on laboratory assignments
are of particular interest in the investigation for conversion to a web-based environment.
Although there is no desire to dilute the hands-on experience, accessing the lab through
the web has endless advantages. Therefore steps have been taken to increase accessibility
and hands-on experimental erudition through web-based application of the Introduction
to Laboratory Procedures class while not taking away from the experience.
Setting up a laboratory task for remote operation implies maintaining the actual
experimental composition of the task. A remotely-operated experiment is then defined as
an existing experiment accessed and controlled by a computer over some communication
intermediary. Through the LabVIEW platform, a remotely-operated experiment is run
locally from a computer but monitored and controlled from a remote location through a
web browser. The local computer is considered the host computer and the remote
100
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operator is considered the client. The client needs only an internet connection and a web
browser to remotely operate the experiment and has the same access to the experiment as
the host.8 In the case of the benchmark experiment, the host computer operator is also the
tunnel monitor and the client is the student.
In the same fashion, an experimental simulation could be accessed through the
web by a student. However, a simulation would not involve the true experiment, but
rather a replicated outcome of an actual experiment. Several labs are under examination
for the possibility of simulation. For example, any task that involves data acquisition
through a LabVIEW program could be simulated through random number generators or
through provision of a data file to the data acquisition program. In particular, a
laboratory task involving strain gage measurements is under investigation. The
experimental task involves measuring deflection and an associated voltage generated by
the output of a strain gage on a beam. A possible solution to providing the task via the
web is to develop a program that simulates the actual experiment. For instance, using an
animation generated by Unigraphics12, when a weight is entered for tip deflection on a
beam, the LabVIEW program, using previously generated data, simulates a response.
The response deflection and strain are indicated in the LabVIEW program and fed into
the Unigraphics program for deflection and strain simulation.
5.1

LabVIEW and the Web Publishing Tool

Several experiments offered in the Introduction to Laboratory Procedures class
involve programming DACS in LabVIEW and operation of some device through
implementation of the program. LabVIEW offers a Web Publishing Tool8 which allows
a program to be posted to the web for remote use.
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5.2

Setting up a Virtual Experiment

The Web Publishing Tool is opened by selecting Tools>Web Publishing Tool on
either the front panel or block diagram in a saved LabVIEW program. Opening the Web
Publishing Tool displays the Web Publishing Tool dialog box as shown in Figure 5.1.
The LabVIEW Web Publishing Tool is exceptionally user-friendly. In the dialog box,
the name of the program being used is identified as the document title and the VI name.
A header is offered to the user to display text before the VI front panel when published to
the web page. Similarly, a footer displays text after the front panel on the web page. The
text inserted into both the headers and footers can be used for instructions, warnings and
final comments. In addition, the publisher may choose from three viewing options;
embedded, snapshot and monitor. For purposes of the benchmark and other laboratory
tasks, the remote front panel VI uses the embedded viewing option. Embedding the VI
allows a user to access, monitor and control the VI from a remote location. Or, in the
case of the benchmark task, one user may remotely control the VI, while another
monitors, but has control access. Neither the snapshot nor the monitor view, allow
interaction with VI controls from a browser.
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Figure 5.1: LabVIEW Web Publishing Tool.

When publishing to the web, the Preview in Browser button, Figure 5.1, is used to
view the header, program, and footer in the web page format. Next, the program must be
saved to disk from the Web Publishing Tool dialog box. Although the program was
previously saved to the local computer, it must be saved again for LabVIEW web
publishing purposes. When saving to disk, the dialog box will be directed to a World
Wide Web (WWW) folder in LabVIEW. Saving the program in the WWW folder saves
the document within the web server’s root directory. Another dialog box appears and
provides a URL, Figure 5.2. The provided URL supplies access to the program and
document from a web browser. The host computer providing access to a client must have
the LabVIEW web server enabled, which is accomplished from the Web Publishing Tool
dialog box by clicking the Start Web Server button which activates the LabVIEW web
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server. Figure 5.2 illustrates the dialog box brought up by saving the program to the web
server’s root directory. The URL posted in this dialog box gives the location for remote
operation from a browser.

Figure 5.2: LabVIEW Web Publishing Tool URL.

When preparing a program for remote use by publishing to the web, an imperative
yet intricate task is to produce a program that may be interfaced from a remote location.
When controlling a program from a remote location, the user is unaware of what is
occurring at the other end. Special care must be taken to prepare the remote access with
warnings, indicators and messages so that both parties, the remote user and the device
monitor, are aware at all times of what is occurring. Figure 5.3 illustrates publishing the
benchmark portable tunnel DACS program to the web. Notice the header and footer
notes give step-by-step instructions for remote use. Buttons, indicator lights and
messages have been strategically placed for easy interface both from the monitor
standpoint and from the remote operation standpoint.

Figure 5.3: Web publishing tool example.
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5.3

Accessing and Operating a Virtual Experiment

Accessing a virtual instrument previously published to the web is as simple as
pasting a web page into the address bar. Web publication addresses can be posted on
WebCT or sent in email messages. The remote user must only copy and paste into a
working internet browser window for access to the page. However, the computer hosting
the web based program must be operational, the LabVIEW browser must be enabled and
the program must be open.
Operation of the tunnel from a remote location was successfully accomplished by
students accessing student-developed programs via the Web Publishing Tool. A
computer was set up for operation of the portable tunnel and students located at remote
locations were given specific times to request permission for control of the tunnel.
Several trial attempts were less successful than desired. Originally, when attempting to
operate the tunnel remotely students became disoriented with what was occurring on the
other end. In particular, one student reported that he was “scared to push any buttons.”
Another student stated reluctance to “take the next step without being able to see” what
was happening with the tunnel. Therefore, the tunnel was shut down for the time being
and the programming was redesigned for remote operation.
It is important that the user be able to understand what is occurring with the
tunnel during operation. Buttons must be more clearly labeled than in common use.
Message screens must show tasks being monitored or accomplished and must be as close
to real time as possible. Therefore the buttons and message screens were updated to
keep the remote user in check with what was happening at the tunnel end of the
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operation, but also with what was expected next and what steps must be taken. Finally,
indicator lights were set up to notify the user when a task was accomplished.
New arrangements were made for students to set up for remote testing. During
the second trial, where the students initially reported not understanding what the next step
would be, the indicator lights and task specific messages aided in remote operation. As an
example of application and necessity, before the tunnel can be powered, the ports must be
cleared and the zero velocities measured. Previous to the additions, students had no
assurance that the tunnel was in fact safe for operation even though the program had
continued past the ports clearing and zero velocities task. The problem was initially
remedied by adding an indicator light to come on when ports were cleared and zero
velocities were taken. However, the user was still partially relying on faith in the
program to move ahead. Since students communicated reluctance to take steps for fear of
harming the hardware, two steps were added. First, a step was added in which the
student is notified to not proceed until after the tunnel monitor has readied the tunnel for
operation. The tunnel monitor, aware that ports have been cleared and zero velocities
measured, attaches the parallel port connectors and powers the tunnel so that the
readiness of the tunnel for remote use can be safely assessed by the monitor before
continuing. The remote user has no access to the program during the power up process
but witnesses control of the tunnel belonging to the tunnel monitor. Only after the host
computer releases control of the VI can the remote user request permission to regain
control. An indicator light and message inform the student to again request control of the
VI. Once access has been granted for control of the VI, operation of the tunnel continues.
Every step of the way, however, is narrated by a message bar and indicator lights. The
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added extra steps provide reassurance that a teaching assistant or instructor monitoring
the tunnel has ultimate control over both the program and the tunnel. Confidence levels
in each student rose with this reassurance. Once comfortable with controlling the tunnel
remotely, comments were made that remote use was “very cool” and all students
expressed excitement over its applications. Since data updates in real-time, the results of
tunnel operation were immediately available to the students, both in the form of a data
array and a graph of pressure data measured with a scanner.

CHAPTER VI
RESULTS, FEEDBACK AND SUGGESTIONS
Students attending the lectures in the traditional classroom had access to four
possibilities of exposure to each laboratory task lecture: the class lecture, downloadable
presentations, notes pages and audio. When asked, on a scale of one to five, how helpful
each option was in grasping and applying the principles, students on average gave the
highest score to the ability to download the presentations. The next highest score, on
average, was given to being able to view the notes pages on the lecture. Being in the
classroom or having access to an audio recording of the lecture each received the same
average score, a whole point lower than both the downloadable presentation and the notes
pages. With this in mind, the concepts were likely better realized through repetition.
Once the students were aware of access to the lectures via the web, they relaxed and
enjoyed the lecture without the worry of forgetting details, knowing that they could go
back and review the entire process on their own time. Any time a concept is repeated, it
is better understood. However, this finding only verifies the conclusion that online
learning offers students greater access and more time to learn the material. Several
students specifically stated that perusing the material themselves and going through the
presentations and notes with the audio gave them more insight into principles, concepts
and tasks. Specifically, students opting to take the lecture entirely through the Web
109
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stated that the online lecture presentations “were very helpful” and the web presentation
“information was well presented and clear”. Although few students commented on the
helpfulness of the audio files, those students that made use of the narration gave it very
high marks. Depending on the particular aptitude of the student for each option, having
access to all mentioned presentation possibilities offered a well rounded variety of
learning tools.
When students taking the class were asked to address online issues of cheating,
procrastination and quality of learning, surprising responses were received.
Overwhelmingly, students remarked that it would make no difference in the ability to
cheat. Several students remarked on the fact that the MSU academic policy would still
apply and that cheating would be too risky. These same students suggested that cheating
would be no easier for online assignments, due to the nature of work assigned, i.e. reports
and timed quizzes. Several students argued that greater access to needed material created
less need for help from others. Procrastination seemed to be a larger issue. Many
students felt that not having a required time to be in class would allow more time to put
off assignments until the last minute. However, the same students suggested that by
requiring weekly quizzes or project updates, they would be obligated to complete
assignments in a timely manner and would be less likely to procrastinate.
The advantages as perceived by students enrolled in the test class greatly
outweigh the disadvantages. Although some students thought that the lack of personal
interaction, procrastination, conflicting learning habits and the lack of hands-on
interaction would lessen the learning experience, they almost unanimously had
suggestions for avoiding each disadvantage. Discussion boards were suggested as a
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means of conveying one-on-one interaction to remote students. Weekly tests or progress
report requirements would lessen the possibility for procrastination. On the same note,
students remarked that those students who are apt to procrastinate would procrastinate
regardless of the platform for learning. The subject of conflicting learning habits was
addressed by the fact that the class would also be offered in the traditional classroom for
students not compatible with online learning. The hands-on interaction with common
laboratory tasks was much of the motive in this research. Avoiding some loss of the
actual interaction cannot be avoided. However, the experience can be increased in other
ways. Students would become more familiar with technical writing skills, researching
procedures, programming, presentation of methods and results, safety tasks and analysis
and manipulation of data. In the same respect, these new skills would prepare the
students for the second laboratory class. The second class would then give students the
much needed hands-on application with much less time needed for preparation and
introduction to the tasks. In addition, students would not feel left out of the loop while
further developing their marketability in the workforce by participating in coops and
internships. These students and those transferring to MSU from others schools have the
propensity to be dropped into the program out of sequence. Therefore, even those unable
to attend the class for various reasons would be just as prepared and knowledgeable in
approaching the laboratory tasks as those attending the introductory labs in the traditional
sense.
Students familiar with both the traditional classroom lecture and the web-based
lecture commented that having all of the information available online helped them to
more easily manage time. Online information provided a forum for self-study
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familiarization and unlimited access to the resources. A calendar specifying all lectures,
assignment due dates and quiz availability and deadlines was available to students.
Students also noted that exact deadlines with 24-hour resources helped them manage
laboratory assignments as part of their busy schedules. Time management becomes the
student’s responsibility, but is greatly supplemented with tools such as a calendar and
email notifications and reminders that students appreciate and can use effectively.
In addition to the traditional classroom students that were offered both a
traditional lecture and a web-based lecture, there were two students who were not able to
attend the traditional laboratory lectures. Due to scheduling conflicts these students were
unavailable during the scheduled lecture time. Delaying attendance of the class for these
students would mean delaying their graduation date by a year. Therefore, the nontraditional students were offered the option of taking the class using a web-based lecture.
Comments from these students and others, using the web-based lecture as a primary
source was vital to course development.
Before introducing the entire introduction to laboratory procedures class into a
virtual forum, the proposed system was tested by creating web-based lectures for the
current students. Testing allows the students to view the process before committing to a
web-based class. In the process, the system is scrutinized by both students and course
developers. Students who depended on the web-based lectures offered invaluable insight
into the obstacles and difficulties encountered. Although these students found the online
lectures “very helpful” and “well presented”, delayed posting of the lectures led to
discontentment with the process. Because the lectures were prepared for online
presentation as each new laboratory task was introduced, several occasions arose where
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the lectures were not available until after the classroom lecture. Since students using the
online lectures were responsible for the laboratory task on the following day, there was
little time for preparation. If the lecture was not posted by the day of the classroom
lecture and preferably before, students not attending the classroom lecture would not
have the necessary material to prepare for the tasks. Any occurrence of delaying the
availability of the lecture presentations at all is regrettable. However, since all
presentations are now developed and available online, these issues are considered
resolved. Each new roster of students will bring new questions and issues. With new
issues brought to light, revisions and additions will be made to the lectures. However, the
most current presentations from the previous year will immediately be available to all
students enrolled in the class.
Other suggestions by students should be addressed. These suggestions include
some problems with the class website, report feedback, quiz material and task setup. The
class materials are distributed on a specific WebCT page designated by the University for
the class. Each semester, a backup is saved of the current class. At the beginning of a
new semester, the backup from a current semester can be used to format the same class,
with the choice of changing only the students enrolled. This option is very useful and
time saving in many respects. However, when the laboratory classes began using
WebCT, materials had to be separated into viewable documents or downloadable
documents. With upgrades within the WebCT architecture and updates to Microsoft
Windows, pages that were once only useful for viewing documents now provide
downloading capabilities also. Therefore, the webpage used for the laboratory class has
become somewhat repetitive and perhaps confusing. Students can become disoriented
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when trying to decide where they should access particular files. The solution is simple
and is being implemented. One central page will direct students to all laboratory tasks.
Each task has its own folder, containing all documents and any needed links to
executable files or zipped folders that need to be downloaded, Figure 6.1. Having one
central page will reduce the need to look for pertinent files.

Figure 6.1: WebCT ASE4113 class page; example task folders.

However, quizzes, downloads and submissions must still be linked to a common
page for each feature. Figure 6.2 illustrates the contents of a task folder.

Figure 6.2: WebCT ASE4113 class page; contents of data analysis task folder.
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The icon labeled Datanal Quiz links the student to another page, Figure 6.3.
Quizzes have one common page where all quizzes are found listed according to task title.
Downloads and submissions have another page where all downloads are listed according
to task title. Until further changes are made to WebCT, students must return each week
to the lists and determine which quiz or submission applies to the task at hand. Care was
taken to label the quizzes, downloads and submissions links appropriately. Once the
compilations to the main webpage are completed, as discussed above, confusion should
be eliminated or greatly reduced.

Figure 6.3: WebCT ASE4113 class page; partial quiz page.

In an effort to persuade students to spend time with the presentations online,
quizzes were developed. Self-help quizzes were offered before the graded quizzes for
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each task. The self-help quizzes were designed to induce research, note taking, analytical
thinking and retention of the subject matter. The self-help quizzes included multiple
choice questions and matching, which provided ample feedback for each answer, whether
correct or not. Figure 6.4 illustrates an example quiz question with feedback. Notice that
correct and incorrect answers contain additional pertinent information.

Figure 6.4: WebCT 4113 class page; data analysis self test example question.

After completing the self-help test, students were required to complete a graded
quiz. The graded quizzes and the self-help quizzes were intended to give students a
review of the material, help the students get a feel for their familiarity with the subject,
and inform the instructor of the readiness of the students to continue. Graded quizzes
were a gage of how well students were doing with the material and only counted towards
the participation portion of the student’s overall grade. Students in the aerospace
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engineering laboratory classes are graded mostly on participation in the tasks and
laboratory technical reports for each task. Although quizzes did give insight into
progress in the tasks, the main focus was to determine if all students were receiving the
same education. As a result, the quizzes brought to attention the problem that discussions
in classroom lectures were not being properly conveyed or expressed through the online
lectures. Online lecture students complained about not knowing where some of the
questions originated. Without the graded quizzes, this may have escaped attention. So
instead, more attention was paid to documenting discussions in the classroom. Also,
students were given more chances to go back through the answers to the graded quizzes.
In other words, if a student encounters a question that he is not familiar with, the student
may return at a later time and retake the quiz. Unlimited submissions give students the
freedom to go back and review or ask questions about concepts that are confusing.
However, the quiz still served its ultimate purpose of offering a gage of task
comprehension throughout the class. All in all, problems were identified through usage
and feedback. Correcting glitches continues to be an ongoing process.

CHAPTER VII
CONCLUSIONS
Offering the first semester aerospace engineering laboratory as an Introduction to
Laboratory Procedures through a web-based environment is a task well underway. In
preparation for full conversion to the web environment, the lecture is being offered via
the Web for both traditional classroom students and those who cannot attend the lecture.
A thorough investigation into the various laboratory tasks available was immediately
accomplished. The laboratory tasks deemed suitable for the Introduction to Laboratory
Procedures class were culled and implemented by means of web-based lectures. Students
able to attend the traditional classroom lectures were also given access to the web-based
presentation lecture and complimenting notes. Extensive time and effort was spent
detailing the lecture presentations and notes to include background information and
concepts necessary to completing the laboratory task at hand. Prerequisites were not
deemed an obstacle in this lecture series. Self-study quizzes, graded quizzes, task
specific assignments and reports tested the knowledge and ability of the students.
Laboratory tasks were implemented in an order that builds one on the other. If at any
time, students seemed to fall behind, it was noted for future use, and either teaching
assistants met with the students after hours or more time was provided in the laboratory
and for preparation. Questions asked during or about lectures were documented and
added to the lectures.
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Although the Introduction to Laboratory Procedures class is proposed to be
offered in a web-based setting, it will also be offered in a traditional classroom once a
year. No student is left behind. The web-based classroom is meant to aid non-traditional
students and those unable to attend lectures for whatever reason. Since students have
different learning aptitudes, if a student learns better in a one-on-one setting, then that
student should be offered the class in a one-on-one setting. The web-based lectures are
not meant to replace traditional learning, but merely append it. Students in the nontraditional category are usually working on cooperative education work programs or
internships or are transfer students. Typically, these types of students are considered good
students, as are most aerospace engineering students at this level of study. Therefore,
students needing the web-based class to graduate on time are more likely to do well in the
class. Most instructors have found that students with the desire to learn will learn in any
capacity, given the proper resources.
The conversion of lectures to a web-based presentation was agreed upon by
students and those instructing to be successful. Although problems were encountered,
both students and instructors learned from the problems and improved the system in
response. Students enrolled in the traditional classroom lecture responded with
enthusiasm to the availability of online resources. Students enrolled in the web-based
version were also positive about the possible applications to a full web conversion. A
review of reports, graded assignments and quiz grades shows no difference in
comprehension of the material by students in either capacity. More importantly, students
using the online lectures as a primary source of information commented that, given the
chance to take the entire class online, they would do it.
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Much work remains in the conversion of the Introduction to Laboratory
Procedures class to a virtual forum. However, the foundation has been laid.
Presentations have been prepared and documented. Procedures have been recorded and
digitally documented. Of most importance though, students, teaching assistants and the
instructor were satisfied with the level of comprehension received through both the webbased lectures and the culmination of introductory laboratory tasks. The data acquisition
and control systems programming for the portable tunnel as a benchmark task has proven
in the past to be a significant gage for readiness to move forward in the laboratory
classes. It is to date the most involved task embarked upon in the laboratory introductory
class. The class has been introduced to all aspects of programming in LabVIEW needed
for the benchmark task, including the Web Publishing Tool. The benchmark task has
been tested through remote means by teaching assistants and students and will be
implemented soon. All tasks in the Introduction to Laboratory Procedures class can be
accomplished through web-based means.
Hopefully, other classes in the aerospace curriculum will consider offering
traditional laboratory and web-based experimentation as part of classroom assignments.
Several classes have already offered experimental assignments as tools for real world
applications. When asked, freshmen, sophomores and juniors almost unanimously
responded that experimentation in classrooms increases understanding of concepts. The
same students suggested that not only did it help illuminate principles in a real world
aspect, but also aided in concepts learned in other classes. Laboratory exercises and
experimentation continue to be a great resource in the MSU Aerospace Engineering
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Department. Progress to develop and modernize existing access continues. Meeting the
needs of students remains the priority in course development.
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